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(54) Title: NOVEL WATER SOLUBLE METAL WORKING FLUIDS 
(57) Abstract 

This invention relates to novel water soluble metal working fluid compositions, their use to work metal, a process for working 
metal using such compositions and the metal worked article of manufacture.. More particularly, this invention relates to fluid compositions 
I useful in cutting, grinding, shaping and other metal working operations which require a lubricant. The terms "first Group A" and "second 
Group B are used herein to denote different groups and not to indicate any sequence of use or selection as any possible combination 
or sequence of use of a component(s) is envisioned without limit of any kind. The disclosed fluid compositions are also anticorrosive 
and environmentally more acceptable than current oil based fluids. There has now been discovered an essentially odorless, substantially 
non-oil misting, water-soluble metal working fluid comprising at least one component selected from a first Group A herein and optionally 
one or more components selected from a second Group B herein preferably with the balance of the composition being water and other 
(optional) minor ingredients. When a component is employed from Group A and a component is employed from Group B the action of the 
combination generally enhances performance of the resulting combination with contain moieties from both Group A and Group B 
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NOVEL WATFR SOLUBLE WORKING FLjJTDg 

BACKOROT rfvin n c T HF fNVFMTTnM 
Metal working of a metal using a tool to work the metal is a practice which has 
been carried out for years. Prior art fluids have been used to facilitate such metal, 
working. However, previously known oil-containing metal working fluids require 
reclaiming or disposal other than by discharging to common sewage treatment system, 
In some cases the cost of disposal has- become such a major cost that it approaches the 
o initial cost of the fluid. 

Without being bound by theory it is believed that metal working fluids fulfill 
one or more functions in various metal working application, Typically, such 
illustrative nonlimiting functions include removal of heat from the work piece and too. 
(cooling), reduction of friction among chips, too. and work piece (lubrication), removal 
of metal debris produced by the work, reduction or inhibition of corrosion and 
prevention or reduction of build-up on edges as between the work piece and the tool. 
Thus these one or more functions usually require a formulation or combination of 
components in the lubricant fluid to accomplish the best attributes required for a 
particular metal working operation. 

References for metal working disclaim an illustrative variety of metal working 
operations include The 12* American Machinist Inventory of Metalworking Eq uipment 
•976-78, American Machinist, December 1978 and November 1983: McGraw-Hill, Inc. 
1221 Avenue of the Americas, New York NY 10020; 
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Lubricants, Cutting Fluids, and Coolants; Wilbert J. Olds, Cahners Books, 89 
Franklin Street, Boston, MA. 02 1 1 0; 

TRIBOLOGY IN METAL WORKING, Friction, Lubricant and Wear, John A, 
Schey, Professor , Department of Mechanical Enginering, University of Waterloo, 
s Ontario, Canada, American Society for Metals, Metals Park, Ohio 44073. All three 
above references are incorporated herein in their entirety by reference. 

Various fluids at times have been recently proposed to be substituted for oil- 
containing metal working fluids such as primary amides, ethylenediamine tetraacetic 
acid, fatty acid esters, and alkanolamine salts. Such compounds can be replenished 
during use by dissolving tablets containing such compounds during the useful life of 
the fluid. See U.S. Patent 4,144,188 to Sato. 

Some amines have also been found useful in cutting oils as antibacterial agents. 
Such amines include alkanolamine and arylalkylamine such as p-benzylaminophenol. 
See EPO 90-400732 to Nodaet al. ' ~ 

As noted above, one of the problems occurring in industry is the proper disposal 
of metal working fluids. The above mentioned amines are removed from the fluids by 
biodegradation, requiring facilities such as settling tanks, treatment tanks and sludge 
treatment tanks. Such a system is disclosed in Japanese Patent 03 1 8 1395. Other 
methods of waste disposal and oil removal systems are employed to comply with 
environmental standards. 

Worker safety can be an issue with presently employed oil-containing water 
soluble metal working fluids. Such fluids unavoidably come in contact with workers 
using the fluids in cutting, bending, threading and other metal Working applications. 
Such oil-containing fluids may create a mist at the site of the work piece being operated 
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on or when the fluid is sprayed and such mist travels through the air in the vicinity of 
the machine and the operator thereof. Some attempts have been made to reduce the mist 
problem as is noted in British Patent 2,252,1 03. There is disclosed therein a polymeric 
thickener comprising a copolymer of acrylamide, sodium acrylate and N-n-octyl 
acrylamide. The copolymer is formulated with water soluble and water insoluble 
monomer. 

Because of the misting and drift thereof in the work place employing some 
commonly employed water-soluble metal working fluids, there is usually associated 
with such work place a distinctive odor which permeates the entire area. Usually such 
odor is unpleasant and is tolerated as a condition which is unavoidable. 

There is needed an odorless, non-oil misting, water soluble metal working fluid, 
particularly useful in cutting operations; There is also needed a fluid which would 
dispense with the need for disposal costs, and provide the work place with a more 
sanitary and acceptable atmosphere in which to work. 

OBJECKS) OF THE INVENTION 

It is an object of the invention to provide an enhanced lubricating composition 
for use in metal working environments. 

It is another object of the invention to provide an enhanced lubricating 
composition which is effective with and without use of a phosphate or phosphonate or 
borates. 

It is a further object of the invention to provide an enhanced lubricating 
composition which is effective with the use of phosphorus containing compounds. 
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■> is yet another object of invenlion ,„ ^ _ ^ 
composition useful in extreme pressure applications. 

1. is yet a Me, object „fme „,„„„„„ to provWc „„ 
-Position contain, . haurioouns imparti „ g eompo „ em ^ ^ , 
s motety and a phosphor moiety within the same molecule. 

« is ye, . ftuther object of the invention l0 provide . 
composition which i, effective when used with oo ratc comp<lllnds 

" " * ° f "» » P-ide no enhnuced lubricating 

V« oomh.r mchee ohjec of this invention is to poav.de an enhanced 
composition crmtomirtg mnohfretumd ^ ^ ^ _ ^ 

«edwi.h„cwi,h„u,aph„spho rom o^o, t . ra ,emoie V ,opmvide*c e „ r eme 
pressor iubtication and ^di.ion,l ly simple „ r bonndary , ubricalion 

These and other objects « me, in the motion c^ . 
description of which follows hereinafter. 

brief BEscamat! qe t ut wmmw 

There has now been discovored at) dsaomMy „ dorfess , !ubslmM , y ^ 

operation inoftadmg ^ C11 „ ing> ^ ^ ^ ^ 

combing a, ,e» one campottem selected from a fe, Coop A heroin and option,,,, 
one or moro components sorted from a sc.ond Croup B hemin- prtferobl> ^ ^ 
balance of ,he oomposidon bci„ 8 wa.er.nd other (option,,, minor ^ ^ , 
component is employed ftom Oroop A and , component „ empioyed from Croop B the 



WO 98/08919 



-5- 



PCT/US97/15241 



action of the combination generally enhances performance of the resulting combination. 
If desired optionally more than one component can be utilized from Group A and/or 
Group B depending on the specific application or in addition if desired a component 
from Group A can be an adduct of components from Group A and Group B whereby 
5 that resulting adduct component importing enhanced lubrication contains a carboxylate 
and phosphorus moiety within the same molecule. 

The invention comprises a method of metal working which comprises providing 
as a lubricant to said metal, a lubricating effective amount of a fluid lubricant 
> composition comprising one or more water soluble components selected from: a first 
group (A) comprising: 

amides; polyamides; polyamino acids, salts and esters; a monocarboxylic acid(s) having 
one to six carbon atoms functionalized or nonfunctionalized, examples are C, - C,,, 
alkoxy, sulfone, alkylene phosphonates, sulfide, functionalized amines and the like, 
salts and esters, with the proviso that this does not include the 2-hydroxybutyric acid 
and 3-hydroxybutyric acid; polycarboxylic acids, salts or their esters; amino acids, salts 
and esters; sulfonic acids and salts; a sulfur compound selected from mcrcaptan, sulfide, 
disulfide or polysulfidc; mercaptocarboxylic acids, salts and esters; keto acids; amine 
substituted organo acids; substituted amino acids, salts and esters; prganosulfonates; 
sodium or potassium sulfide, sodium or potassium hydrogen sajfide. organic acids 
containing one or more moieties selected from carboxylate, sulfate, sulfonate,- 
phosphate, or phosphonate, present as the free acids, or their salts; organic acids 
containing one or more moieties selected from carboxylate, sulfate, sulfonate. 
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phosphate, or phosphorate present as the free acids or their salts, and additionally a 
moiety selected from sulfone, sulfonamide, sulfonic ester, sulfate ester, ketone, 
carboxylic ester, amide, amine, ether, sulfide, disulfide, or aryl; alone or optionally with 
one or more components selected from a second Group (B) comprising: 

phosphates, borates, phosphona.es, phosphites and hypophosphites; and 

which composition provides a synergistic lubricating or added functionality effect when 
used with one or more component(s) of Group (A) and Group (B) 

In one embodiment, the composition comprises a reaction product(s) of said 
composition associated with a component or components therein or the application of 
said composition to a metal being worked. The lubricants employed herein have a 
lubricant property selected from the group consisting of extreme pressure, boundary 
lubricant, simple film or anti-wear or combinations thereof. It is most preferred to 
employ a phosphate as a component of Group B of this invention along with polyammo 
acid or polycarboxylate or amide or polyamide or amino acid as a component of Group 
A. ■ 

BRI EF DESCRIPTION OF the PR a WINGS 
Figures 1-18 are plots illustrating the metal working performance of 
compositions of this invention in various laboratory tests. 

DETAILED DESCRIPTION p F T HF. jNA^NjjQN 
Suitable components of Group A include/but are not limited to, carboxylic acids 
such as monocarboxylic acids having one to six carbon atoms functional! zed or 
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nonfunctionalizcd, examples are C, - C 20 aikoxy, sulfone, alkylene phosphonates, 
sulfide, functionaJized amines and the like, salts and esters, with the proviso that this 
does not include the 2-hydroxybutyric acid and 3-hydroxybutyric acid; hydroxy 
carboxylic acid or a saJt(s) thereof, and polycarboxylic acids, as the acids, partially 
neutralized acids or salts which carboxylic acids can be conveniently represented by the 
formulas 

R.C0 2 H (I) 
wherein connection with formula (I), R f is hydrogen, or C N6 alkyl, or R, is R a OR b , 
where R, is C 6 . 20 linear or branched alkyl. and R b is C,^ linear or branched alkylene, or 
R, is 

R c SR d? where R^ is C,. 20 alkyl, and is C u alkylene or hydroxyalkylene with the 
proviso that these acids cannot be 2-hydroxybutryic or 3-hydroxybutryic acid, and 
wherein connection with formula (II), 

^[(CH^CHCO^UCH,)^, (II) 
R 3 and R> are selected as the same or different and may be independently hydrogen or 
oxygen, or an organic group including alkyl, aryl, mercapto, thio or dithioorganic moieties, 
hydroxy, hydroxyalkyl, alkenyl, aikoxy, aikoxyalkyl, or aromatic when employed in 
formula (11); y is numerically independent integer either 1 or 2; m is zero to about 40; o is 
about zero to about 1 8; and n is 1 to about 5,000 to 7,000 or more; m is zero to about 30 
and m, o and n are independent integers except that R, cannot be 3 -carboxy propyl or a 
carboxymethyl substituted alkyl. 

As employed herein, the term "alkyl" includes but is not limited to C, - C 30 alkyl, 
substituted and unsubstituted, linear and branched, functional ized and nonfunctionalized 
alkyis and includes also alkyl ethers and alkyl polyethers. mixtures thereof and the like. 
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Those of skill in the art will recognize after reading this specification thatalkyl chain 
lengths above 30 may be employed. As employed herein the term "aryl" includes, but is 
not limited to, phenyl, substituted phenyl, biphenyl(s) and diphenyl ether, mixtures thereof 
and the like. Subscripts such as m, n, o, x and y, are conveniently employed herein are 
integers and vary independently from formula to formula and within formulas. Structure 
formulas employed herein are used to illustrate the various components and are not meant 
to limit the invention. 

Illustratively, non-limiting examples of carboxylic acids and salts useful herein 
include formic acid, dithiodipropionic acid, polyacrylic acid, thioglycolic acid, lactic acid, 
1, 2, 3, 4-butanetetracarboxylic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, 
adipic acid, dodecancdioic acid, glycolic acid, glyoxylic acid, glyceric acid, 
propanetricarboxylic acid, tricarboxyhexane, tartaric acid, ricinoleic acid, lactic acid, 3- 
dodecyloxypropionic acid. 3-octyIoxypropionic acid, phosphonobutanetricarboxylic acid, a 
salt(s) thereof, mixtures thereof and the like. 

Other useful non-limiting carboxylic acid(s) include the group comprising of N- 
phosphonomethylglycine and water soluble salts and esters; lactic acid, formic acid, 
glycolic acid, glyoxylic acid, glyceric acid, octyhhiobutyric acid, octylthiopropanoic 
acid, octyloxypropanoic acid, decyloxypropanoic acid, dodecyloxypropanoic acid, 4- 
methylthio-2-hydroxy-butyric acid, and salts and esters thereof and mixtures thereof and 
the like and is a polycarboxylic acid selected from the group consisting of polyacrylic 
acid, butanetetracarboxylic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, 
adipic acid, pimelic acid, suberic acid, azelaic acid, dodecancdioic acid, undecanedioic 
acid, propanetricarboxylic acid, tartaric acid, sebacic acid, malcic acid, fumaric acid, 
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citric acid, itaconic acid, citraconic acid, tartaric acid, malic acid, aconitic acid, and 
brassylic acid and tricarboxyhexane(s) and salts and esters thereof and the like. 

Illustratively, non-limiting examples of salts of carboxylic acids useful herein 
include, but are not limited to, those such as the alkali metal, ammonium,and phosphonium 
salts, mixtures thereof and the like, including sodium, potassium and the like and mixtures 
thereof. 

Also useful are carboxylic acid(s) containing two or more carboxylatc moieties, if 
desired. The carboxylic acid may be a polymer with repeating units which has carboxylatc 
groups. 

Illustrative suitable amino acids useful herein as a component of Group A include, 
but are not limited, to both the naturally occurring amino acids and manufactured synthetic 
amino acid(s) containing at least one each of a carboxylic acid group and an amine group 
and which are conveniently represented by the formulas: 

R<(CHNH 2 C0 2 H) r or (III) 
R5f(CH x ) m (CHNH 2 C0 2 H) B ] 0 (CH y ) p R« (IV) 
^[(CHJJCHNH^CH^CO.^UCH^R, (IVA) 
where R 4 , R 5 and R< in formulas (111) and (IV) are either the same or different independently 
and may be independently hydrogen, alkyl oraryl; carboxyl; carboxymethyl; hydroxyalkyl; or 
amine; or sulfide; or mercaptan; phosphorus moieties; x, y, and z as employed in these 
formulas (III) and (IV) are the same or different independently and either I or 2, m, and p as 
employed in these formulas are the same or different integers independently and are in the 
range from 0 to 6 and r is an integer varying independently from one to ten. However, n and o 
must be at least one but can be integers from one to six independently, salts or esters thereof. 

Typical useful non-limiting examples of suitable amino acids useful in practicing 
this invention include acidic amino acids, basic amino acids, neutral amino acids, and 
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mixtures thereof which are conveniently representative also of the ^ 
described group. 

Methionine hydroxy analog ora salt thereof is a useful amino acid herein. 
Typical usefu. acccptabie non,i m iting acidic amino acids usefu. in practicine Ms 
• mention include aspartic acid, including L-aspartic, D-aspartic and D.L-aspartic; and 
glutamic acid including L-glutamic, D-glu,amic. D.L-glutamic; N- 
phosphonomethylglycine. its sa.t(s) and ester(s), N, N-di(2-carboxymethy«). N . 
methylphosphonic acid mixtures thereof and the like. 

Those of skill in the art will know ih^i 

an win know that for purposes of metal working that the 

J optical activity is not important meaning that the D I m<»cn 

ung mat tne D, L, meso. racemic and other isomers 

function equally well. 

Monoearboxylic ackKs) having „ ne „ six carbo „ s m 

«id( s ) or a ^,(0 ,|, erMf s u ow extreme pressure lubrick.ta. 

Typica! us.fi,, , e « p( , bfc ^ ^ ^ ^ ^ ^ 

include argiroue. hirudin., r^,,, omilhi „. ^ ^ ^ fc ^ ^ 

" *" ' yS ' nC - ,C ' U " « « com PPneni«f Group A, rhep a boro.e roav 

be employed as a component of Group B. 

otOroup A whieh ,ro us.fi,, heroi, in p „„ ici „ g fi, is invemb „ tac|udc ^ ^ 
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vitamin-U, (methyl methionine suifone chloride) mixtures thereof, mixtures thereof, a 
salt(s) thereof and the like. 

Other useful non-limiting amino acids which may be employed herein for illustration 
purposes include but are not limited to an amino acid or salt(s) thereof, a basic or a natural 
s amino acid or a salt(s) or mixture of salt(s) thereof. Alanine, tyrosine, asparagine, valine, 
glutaminc, glycine, hydroxyproline, isoleudine. leucine, phenylalanine, serine, threonine, 
thyroxine, phosphoserine, norleucine, norvaline, mixtures thereof, salts thereof and the like 
may be used herein. 

Useful acidic amino acid(s) comprise aspartic acid and glutamic acid and isomers 
and racemic forms thereof and N, N-(2-carboxyme'thyi)N-methylphosph6nic acid, N- 
phosphonomethylglycine, salt derivatives, and esters, O-phosphoserine and mixtures 
thereof. 

Useful basic amino acid(s) comprise a basic amino acid selected from the group 
consisting of arginine, histidine, ornithine, and tryptophan and mixtures thereof and the 
like. 

Illustratively, non-limiting useful amides of Group A which may be employed herein 
include those amides and polyamides which are water soluble as the compound or as its salt 
and where the nitrogen may be substituted or unsubstitutcd, and some of which are 
represented conveniently by the formula: 

R 7 CONR,R, (V) 
where R„ R 8 and R, as employed in formula (V) can be independently hydrogen, alkyl, aryl, a 
functionalized alkyl or functionalized aryl groups. NH,. NHR, 0 , orNR,^,,, where R 10 , R„ 
and R,j can be the same or different and are independently hydrogen, alkyl. functionalized 
alkyl, aryl, or functionalized aryl groups, are functional groups containing alkylaryl groups 
with the provision that R, and R, may not be polyethyleneimine. wherein when R, is 
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M0OC(CH ,,,, R. « R, may „„, bc Cm wh5 „ „, is Cu ^ „ kv| R _ in(f 

«. »« bc hydroxycthyt-. Fnnheeene.,, if one of R, and R, is „. thc othcr 
1W. to C, may „ be .toed (tan -CHf H.COOH, -CH-CHCOOH or onto 

then R, may not * . „ kyl eroap com , inins ffom , m ^ ^ ^ ^ 
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Non-U mi tin g useful examp.es "functioned alkyr include 4 ^ arboxybuty(> ^ 
1-suifonic acid, 4-phosphonobutyl asparty., mixtures thereof and ^ ^ 

Non- limi tin fi examp.cs of usefu, acceptable amides for pricing this invention 
include but are M , imited to asparagjne> ma]eamjc ^ ^ ^ 

guanidine, g.utamine, po.yurca, poly(2-ethyl-2-oxazoline), N, N-d.memy.acetamide, 
3 o.eoamide, po.yvinylpyrro.idone. pyrog.utamic acid . „ 
cocoy.g.utamate, nony.amidoadipic acid. ^nony.amidobuty.su.fonic acid or a salt(s), 
mixtures thereof and the like. 

As employed herein, the term amide and po.yamides inc.udes, but is not limited to 
.hose amides and po.yamides which may be salts of a molecu.e containing an amide ora 
Pdyamide or a mixtures thereof and esters of the mo.ecu.e and partia. sa.ts as we,. Non- 

which may be emp.oycd as a component from Group A. Without being bound bv theory it 
is believed that precursors such as mono and diammonium malcate may be converted to ,. , 
maleamic acid at working temperature. 
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Illustratively, naturally occurring sulfur compounds of Group A useful herein 
include those such as the amino acids cystine, cysteine, methionine, homocysteine, felinine, 
penicillamine, isovalthine, vitamin-U and manufactured products and mercaptocarboxylic 
acids such as mercaptosuccinic acid, dimercaptosuccinic acid, 2-mercaptopropionic acid, 
and mercaptoacetic acid, and the like are soluble in water as cither the compound or its salt 
are useful in practicing this invention. 

Non-limiting, illustrative examples of organosulfonates of Group A useful herein 
include the salts of alkylbcnzene sulfonates and where the alkyl and/or the phenyl ring may 
or may not be substituted with functional groups such as 



(VII) 

where R :2 in formula (VII) may be independently alkyl substituted alkyl, alkoxy, hydrogen, 
aryl, aminoalkyl, amine, carboxyl, hydroxy I; or amide and M is independently hydrogen, 
alkali meta\(s). ammonium, and organoammonium and mixtures thereof a salt(s) thereof, 
and the like. 

Examples of useful non-limiting organosulfonates useful for practicing this 
invention include the alkali metal or ammonium salts of 4-octyIbenzenesuIfonic acid, 2- 
octylbenzenesulfonic acid, 3-octylbenzenesulfonic acid, 4-nonylbenzenesuIfonic acid, 2- 
nonylbenzenesulfonic acid, 3-nonylbenzenesuifonic acid, 4-decylbenzenesulfonic acid, 2- 
decylbenzenesulfonic acid, 3-decylbenzenesulfonic acid, 4-undecyIbenzenesuIfonic acid, 2- 
undecylbenzenesulfonic acid, 3-undecy!benzenesulfonic acid, 4-dodecylbenzcnesulfonic 
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acid, 2-dodec ylbenzenesuIfonic acid> 3^odccy,ben Z e„esu,fonic acid. and simi.r 
compounds containing different alkyl chain .cngths. mixtures thereof and * 2 

If desired, sodiu m or po,ass ium sulfide or sodium Qr ^ ^ ^ 

a fixture thereof may he ^-.-Np^^Ahp^,,,,, ^ 

Other usefu, iHustrativc components of Group A inc.udc but are not 

n.anufacturedandnatutanyoccurringanima.andveget^ederivedp 
^""^^^ 

(from egg whites), lactalbumin (from milk), bovine serum aib,~; n m „ y ; ,. 
somatotropin (bST), 1,2-Dithia-5.8,1 1.14.(7.20.23.^.. ,, 

10 8l0bU ' inS SUCH «*°" d6rived *- - im aJ serums. a,d casein. Funhcr 
collagen of skin, proteins derived from tendons and Lor.«. J,^ iA f, ...... 

and keratin of hair. nai,s and horns. Other exam P ,e,of proteins inc,ude the Hvco^-,.. 
Phosphoproteins and chromoproteins, mixtures thereof, a sa.t(s) thereof and the 
Illustrative examples of proteins or polypeptides which are po.yamino ^ 

Polyamino acids which include homopo.ymers of a single amino acid. b!oc |c or — . 

• "Coding but not confined to natura, or synthetic proteins. o % ooentides or . 

^avanab.eeitherthmughsynthesisorfiomnat^prote^ 
vegetab,. which are waterso.uble as either the fiee po.ymer or as a salt, and which are 
dcscnbed conveniently by the flowing representative schematic formula: 
H[NH(CR M R 24)in cO] 0 OH (vm) 

'2. n ,s an integer varying independently from about2 to about 2000, such that thc 
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acid remains water soluble, R 23 and R :4 as employed in this formula (VIII) are the same or 
different and vary within one polymer chain and for example consist independently of 
hydrogen or -C0 2 H,-CH 2 C0 2 H,-CH 2 CH 2 C0 2 H,-CH 3> -CH 2 CH 3 ,CH,CH 2 CH 3! 
.CH^CHjCH.CH^-C^CHjJj.-CH.CHCCHO.^fCH.^X where o is 0 to 20 and X is any of 

5 R^^OH^Sa-SSCHjCHCNH^COjH^SCI l 3 , phenyl, lolyl, hydroxyphenyl, guanidinyl. 
pyrrolidinyl, NH 2 , imidazoyl, indolyl, acetoamido, mixtures thereof and the like. Non- 
limiting examples of useful suitable polyamino acids include polyglutamic acid, 
polyasparagine, polyaspartic acid and poIy(aspartic/glutamic) copolymers, polyproline, or a 
copolymer of proline with another amino acid or a salt(s) thereof. 

o " Illustrative; non-limiting sulfone acids may be employed as a component from 

Group A in this invention including those of the formula: 

R 27 S0 2 R 28 G (X) 
where R 27 is selected from linear or branched, substituted or unsubstituted, alkyl, 
alkenyl. alkoxyl, aikylamino groups having 6 to 20 carbon atoms optionally containing 

5 one or more oxygen atoms, and R 2g is absent or selected from linear or branched, 
unsubstituted or substituted alkylene or alkenylene, alkoxyl, aikylamino groups 
containing 1 to 6 carbon atoms optionally containing one or more oxygen atoms and G is 
selected from -CO 2 M r OSO 3 M,-S0 2 0M,-0P0(0M) 2 , or -PO(OM) 2 
where M in connection herewith is H, alkali metal cation, alkaline earth metal cation, 

) ammonium. 

Non-limiting examples of sulfone acids useful for practicing the invention as a 
component of Group A include the alkali metal or ammonium salts of 
octylsulfonylpropionic acid, dodecylsulfonylbutyric acid, dodecylsulfonylpropionic acid, 
N-octylsuIfonyl-beta-alanine, nony I am ihosu I fonyl -propionic acid. 
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(XI) 



Illustrative, non-limiting ke.o acids of the formula 
R»C(=O)R J0 G 

arc useful herein as a component of Group A where R h . , r ' 

P A where R 2 , 1S se l ectcd from hydtQg ^ ^ 

— f» m Mro8ra , ^ unsubstituied „ !abs ,U M alkylene „ 

- aloras Md 0 „ sckM ^ ^ M ,OSO J M.,0 1 OM,OPO,OM, „ 

Ho n , imli „ 6 , iIlusMiveexamplesofletoaddsuseMfor ^ ijcjn ^ s 
to*. « « « , nrao . um sa||s rf ociyteiMe 

«l^vo,„ orfraki „ 6am ,.„ esubs , iinit4o[cmo ^ sofihef ^ 
R 3t N(R J3 )R 3 ,G 

(XII) 

useful herein as a component of Group A where R ii^i , 

nere R " 1S selected from hydrogen, linear 

~" "°~ « <°"«"*°«< «~» ^ and R „ „ aten , „ 
subsuiLttdorunsubsdWcdalkvloralkmvl, t . 
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earth metal cation, organoammonium, ammonium mixtures thereof and the like with the 
proviso that when G in the compound above represented by the structure shown in 
formula (XII) is sulfonate, R 3 , and R 33 are not hydrogen . 

Non-limiting, illustrative examples of amine substituted organo acids of formula 
5 (XII) for practicing this invention include the alkali metal or ammonium salts of 
octylaminobismethylene phosphonic acid and dodccylaminobismethylene phosphonic 
acid. 

Illustrative substituted amino acids of the formula: 

10 I 

R 34 -C-C0 2 M (XIII) 
I 

R*-N~R 37 

are useful herein as a component of Group A wherein the compounds of formula (XIII) 
15 represent an extension of the amino acids wherein R 34 , R 35 , R 36 , and R 37 may be 

hydrogen, alkyl, aryl, functional ized alkyl, functionaiized aryl, alkanol, polyalkoxy, 
alkenyl, sulfur containing moieties, and phosphorus containing moieties. Additionally, 
R J4 and R J6 may be covalently connected such as in cyclic amino acids like proline. M is 
a symbol for a moiety which is conveniently selected from hydrogen, alkali metals 
20 cation, ammonium, or organoammonium, mixtures thereof and the like. 
Illustrative, non-limiting substituted acids of the formula 

R 3S XR 39 G (XIV) 
where R 3g is selected from linear or branched^ substituted or unsubstituted, alkyl or 
alkeny 1 groups having 6 to about 20 carbon atoms optionally containing one or more 
25 oxygen atoms, and X is absent or selected from the group consisting of -CH r 

(methylene), oxygen, sulfur. -S-S-, and aryl where aryl is unsubstituted or substituted 
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Phenyl, and R 3 , i $ absent or selected r 

'• """" X " 1171 R » is <**»'• G «« be S0 S 0M *„„ 
2- when x is abse „, or mc , hyIenc Q camoi ^ po(oM)i ^ 

6 *»G/ S -S0 1 OMg m ,,x, s , l , se „, ofme , Mene 
"lkytaie.(Mg- magnesium .) 



formula: 

0 

20 R<oCHCOM 



I CXV) 
SH ' 



whcrei "R*. includes alky. C,;, and carboxyalkvc, M -H 
2S MrtJ , , ^C'-m. M-H. alkali metal cations, alkaline 

typical n.„, Mling , illas , ra , jve componCT((s) from GrMp B include any 
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the like. When employed in the compositions, method of use and processes of this 
invention these phosphates, phosphonates, phosphites, hypophosphites. orthoborates, 
metaborates, pentaborates, can haye beneficial effects on extreme pressure lubrication in 
metal working operations. Reduced forms of a component or components from Group B 
s may be useful as such and also may be oxidized in-situ by air or other oxidizing agent. 
For example, phosphites may be oxidized to phosphates. Such beneficial effects are 
enhanced by the addition of these components to the organic compounds of Group A 
described herein above. 

Non-limiting, illustrative most preferred phosphates are orthophosphates such as 
.0 either the monobasic, dibasic or tribasic salt or mixtures thereof with an alkali metal(s), 
preferably a potassium or sodium, or an ammonium or alkylammonium such as 
triethylammonium or triethanolammonium and the like, and their full or partial esters 
although other similar phosphates may be employed if desired. 

in addition to the orthophosphates, illustratively the following phosphates, as 
s their salts, illustratively may be used: pyrophosphoric acid, metaphosphoric acid, 

phosphorous acid, hypophosphorous acid, poly phosphoric acid, phospho serine, mixtures 
thereof and the like. 

Some or most of the phosphonates useful herein are illustratively those 
compounds which can be represented conveniently by the formula: 

R 2J (PO(OR 26 ) 2 ) n : (IX) 
where n in formula (IX) above is an integer varying independently from I to about 5, and 
R 25 in formula (IX) can be independently organic moiety(s) and phosphonoorganic 
moiety(s), or amine containing organic moicty(s) or mixtures thereof and the like and R 16 
is independently one or more hydrogen or an organic moiety(s) including alkyl, aryl, 
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polyalklylene ^ po,^,^,^. ^ ^ ^ ^ 



the like. 



Suitable aon-linuUng, illustrative examples of acceptable phosphonates which 
are useful herein include l-hydroxyethylidene-l.l-diphosphonic acid, 
s - i -K-%.e„ephosphonicacid,dodec yl a mi 

which can be made by reacting dodecy,amine, fon^dehyde, phosphorous acid and 
hydrogen chloride, (hexa m e,hy.cnedia m inetetra( m ethy,enepho Sp honic) acid, 
diethylenetriaminepenta (m ethv.e„epho Sp honic acid), N-phosphoncmethviciycin, 2- 
phosphono-l,2,4-butanetricarboxy!ic acid.. hydroYv-J v . , ; . 
o thereof, mixtures thereof and the like. 

In preparing compositions of this invention (for example metal working 
compositions), the amount of a component selected, from Group A. for exam pl , is 
generally in the range from about 0. ,« t0 about 75 % or more by weight of the to,- 
composition and most preferably in the range from about 025* to about 25% by weight 
ormore for the total composition (although one of skill i„ thc 3rt wilI recognize ^ 
reading this specification that greater 0r lesser amounts or concentrations can be 
employed if desired to attain the desired beneficial lubricant effect. 

For example, when a component is utilized from Group A and a component is 
utilized from Group the amount of a component utilized from Group B is for example 
Grange fromaboutO.lto about ^^pr^^^^^^ 
•oaboutiso/.bywe^^^^ i*^^*— ^ 
be recognized by one of skill after reading this speci fication includ ing the Examples, 

In another embodiment, a method of metal working is provided which comprises 
contactingorcommunicatingwithmesurfaceofthemetalbeingworkedorthesurface 
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of the tool with an aqueous solution of a fluid lubricant composition comprising a 
composition of this invention as herein described. 

If desired optionally more than one component can be utilized from Group A 
and/or Group'B depending on the specific application or in addition if desired a 
component from Group A can be an adduct of components from Group A and Group B 
whereby that resulting adduct component imparting enhanced lubricating property 
contains a carboxylate and a phosphorus moiety within the same molecule. See Table I. 

When the component from Group A is used exclusively, the amount of such 
component so employed is an effective lubricating amount, typically in the range from 
about 0. 1 to about 75% or more and preferably in the range from about 0.25% to about 
25% although greater or lesser amounts may be employed as those of skill in the art will 
recognize as an effective amount after reading this specification. 

The phosphonates illustrated above may be used as a component of Group A to 
achieve one or more of the objects of this invention. When a phosphonate is so 
employed the concentration of the phosphonate is preferably in the range from about 
0.1% to about 75% or more and preferably in the range from about 0.10% to about 15% 
and most preferably in the range from abQut 0. 10% to about 1 0% by weight although 
greater or lesser amounts may be employed. 

This invention also comprises a method of feeding a metal working water-soluble 
lubricant composition to a metal needing and receptive to the same (capable of being 
worked) comprising preparing an aqueous solution of a metal working water soluble 
lubricant composition by optional dilution of a composition of an aqueous solution of a 
fluid lubricant composition which comprises one or more water soluble components 
selected from a first group (A) comprising amides; polyamides; polyamino acids, salts ' 
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and esters; po , yc arboxyiic acids, salts or their esters; amino acids, salts and esters, 
sulfonic acids and salts; a sulfur compound se.ectcd from mercaptan, sulfide, disulfide 
and po,ysu,fide; mercaptocarboxy.ic acids; substituted amino acids; organosulfonates; 
sodium or potassium sulfide, sodium or potassium hydrogen sulfide, organic acids 
s containing one or more moieties selected from the group consisting of carboxy late, 
sulfate, su.fonate, phosphate, and phosphonate, present as the free acids, or their saits; 
organic acids containing, one or more moieties se.ected from the gronp consisting of 
carboxylate, sulfate, su.fonate, phosphate; and phosphonate present as the free acids or 
their salts; and additionally a moiety selected from the group consisting of sulfone, 
10 sulfonamide, sulfonic ester, sulfate ester, Ketone, carboxyHc ester, amide, amine, ether, 
sulfide, disulfide, or ary,; and optionally one or more components selected from a second 
Group (B) comprising phosphates, borates, phosphonates, phosphites and 
hypophosphites, prefers with the balance being water and feeding the water so.uble 
composition to the wo* portion of a metal by spraying ordripping said metal working 
is water soluble composition. Illustratively, i„ using this invention, a lubricated metal 

surface is provided wherein said surface of said metal being worked and/or the surface of 
the too, is lubricated with a composition of this invention. ...ustratively, such lubrication 
is brought about by any convenient means such as dripping, wetting and otherwise 
similarly providing or feeding in some acceptable fashion a composition of this invention 

also in accordance with this invention. 

The temperature at which composition of this invention may typical. y be app.ied 
is preferably asuit,b,e temperature, for cxamp.e. such as might be arrived at by those of 
ski., in the art and illustrative*, but non-,imiting, may be in the range from about 32«F to 
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about 2 1 2°F or more or less as measured in the fluid. Those of skill in the art will 
recognize that the temperature in the zone of the metalworking and of the tool and the 
metal being worked will necessarily become significantly hotter during the metal 
working. If desired, a metal may be worked by a tool using a composition of this 
5 invention whereby the metal is cleaned first and then this invention practiced on the 
metal. 

Those of skill in the art will recognize that various water soluble additives may 
be employed in compositions of this invention to enhance or contribute properties which 
enable broader functions with respect to the use of the compositions in metal working 

10 applications. The types of additives which are readily apparent to those skilled in the art 
include simple film forming lubricants and/or boundary lubricants, corrosion inhibitors, 
oxidation inhibitors, detergents and dispersants, viscosity index improvers, emulsion 
modifiers, antiwear and antifriction agents and foam depressors. 

For example, additives may be employed to enhance boundary lubrication such as 

is wear inhibitors, lubricity agents, friction modifiers and the like. Typical examples of 
such additives are metal dialkyl dithiophosphates, metal diaryl dithipphosphates, alkyl 
phosphates, tricresyl phosphate, 2-alkyl-4-mercapto-l,3,4-thiadiazole, metal dialkyl- 
dithiocarbamates, metal dialkyl phosphorodithioatcs wherein the metal is typically zinc, 
molybdenum, tungsten or other metals, phosphorized fats and olefins, sulfurized fats and 

20 olefins and paraffins, fatty acids, polyalkoxylated fatty acids, alkylene oxides, 

polyethylene oxides, polypropylene oxides, carboxylic acids and their salts, esters of fatty 
acids including partially hydrolyzed castor oil. organic molybdenum compounds, 
molybdenum disulfide, graphite and borate dispersions: Such boundary lubrication 
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« ta 0„„ „ me m . 0lher addi „ ws , ne|ude ta6M ^ djsM 

wh.ch provide cleaning functions. 

fc Wd c— o[Ws inverajon ta£tion b ^ ^ 

Auction as a corrosion inhibitor. Suitable examnl« «r 

»aoie examples of corros.on inhibitors include 

—on ^ ^ in fc „ are ^ 

dluMopteptaes s „ ch ^ ^ jithjophosphatt ^ 

— h-**. andttiemano,^ md subsltaed ^ ^ 

ofthclliyl w „ substituted to p„,de ^ ^ ^ 

-* - » d ^ ^ ^ m ^ 

—ion W,,^ inc,^ .^^.^^ ^.^^^^^ | 2 

d ™ e 'hylimidazok. mixtures d 15 r»f,^ the i ik . - . ■ . 

■» me lite, amines and subsutuled amines such as 

V-eihyienedio*,.^^ 
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hydroxyethyl)ethylendiamine, and longer chain mono-, di-, and triamines such as 4- 
(aminomethyl)-l, 8-octanediamine, iminobispropylamine, bishexamethylene-triamine. 
trioctyl amine, and poiyethyleneimine, mixtures thereof and the like. An additional class 
of inhibitors are biological buffers such as 3-[N,N-bis(2-hydroxyethyl(amino]-2- 
s hydroxy-propanesulfonic acid. Additionally, basic amino acids such as lysine and 
ornithine could also be added to provide corrosion inhibition. Lysine and ornithine are 
non-toxic and biodegradable and readily absorbed by the environment. A more thorough 
review of corrosion inhibitors are provided by Aruna Bahadur in a publication entitled 
"Chromate Substitutes For Corrosion Inhibitors in Cooling Water Systems" appearing in 

10 Corrosion Reviews, 11(1-2), pp. 105-122, 1993 which is incorporated herein by 
reference in its entirety. 

These fluids may be employed in metal working processes for both ferrous and 
non-ferrous metals if desired. Tests with non-ferrous metals such as brass, copper, 
aluminum, and titanium indicate that the work piece remains relatively free of 

15 discoloring deposits. It has been observed that the aqueous solutions of the salts of 
polyaspartic acid are corrosion inhibitors for ferrous metals as indicated by U.S. Patent 
4,971,724 to Kalota et al. Therefore, metals, particularly ferrous metals, are free of 
harmful deposits and are, in fact substantially protected from corrosion by the metal 
working fluids of this invention. 

20 The water-based metal working fluid compositions of this invention are 

particularly advantageous in that there is little or no odor associated with their water 
solutions. Further, it has been observed that these fluids do not create a mist around the 
tool working area as is common with water-based oil containing fluids; Because of the 
lack of mist formation the work area is maintained virtually free of deflected fluid 
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i the ninety «, wtkcr subslamia||y free of ^ fc ^ 

working „„ id . ^^.adv^of^.^^^^^ 
mftoamcmri cone™ mating to - toMive mrans of 

The mcBI „„ tking «, of , his immUa _ ^ h ^ 

particular Ihcy are useful in working ferrous metals such as iron, steel (carbon sled and 
'-^^^^^eass^^.i^^^^^ 

"""^ ^ - " *»• - -pushes from so* 

« totals as cobalt or „ icke , ^ ^ ^ ^ ^ ^ ^ ^ 

-I compos „ inveKio „. CH^CH.PO.ro, (dodecy|aDline 

nci.0,.,0 noio m ay h ut tei Such mMaJs . ^ ^ ^ ^ ^ ^ 
5 the water based fluids of this invention. 

A P-'-'arly important function of a metal working fluid of this invention in 

cutting operations is the function of cooling so as to rmmt * i 

wrong so as to maintain lower temperature of the 

*-*««.«*H«. Anorher^nonoffc^^^^^ 

•ooland the work pi«e. ^^^^ 
Produce, chips of ^ pieC£s of ^ ^ ^ ^ ^ ^ 

work preco as soon as possible so thntthey do nor jarc the cutting ,,,1. 
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As used herein, " water soluble" also includes, but is not limited to, the condition 
in which a substance forms a homogeneous transparent solution in water. Useful 
components in compositions of this invention include those wherein the component of 
Group A alone or the combination of a component Group A and a component of Group 
5 B are water soluble. 

As used herein, the term "metal working" is not limiting but includes 
illustratively without limiting such processes as cutting, grinding and forming processes 
and similar processes and the like. According to M. C. Shaw, "Principles of Abrasive 
Processing", Clarendon Press, Oxford, 1996, which is incorporated herein in its entirety 

0 by reference, which discloses some metalworking aspects, the field of grinding is divided 
into two regimes, "stock removal grinding" and "form and finish grinding". The first 
regime involves those processes in which the main objective is to remove unwanted 
material without regard for the quality of the resulting surface. The second regime 
involves those operations in which form and finish are a major concern and wheels must 

5 be periodically dressed to provide sharp cutting edges that are relatively free of adhering 
metal and wear flats. Our invention relates to all types of grinding and forming. 
Illustratively, some of the types of grinding are rough grinding, precision grinding, 
surface grinding, cylindrical grinding, centerless grinding/internal grinding, creep feed 
grinding and tool grinding and the like. 

1 Some of the metal cutting or metal removal operations include illustratively, 
without limit, turning, milling, honing, drilling, sawing, reaming, broaching, tapping, 
planing, boring, threading and the like. Illustrative, non-limiting types of operations are 
presented in M. C Shaw, "Metal Cutting Principles", Clarendon Press, Oxford, 1984 



WO 98/08919 



-28- 



PCT/US97/15241 
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Fonoir* processes .ypic,, tave ,„ „„ wilh ,„„ shaping ^ ^ ^ 
-ova,. W n o nllniling illus|ra , ive e<>mpte expta . ve ^ 

od-ers. Such processes W ^ bigh ^ ^ ^ ^ ^ 
P«ci,y tal o dre mM , „ „, epoiM „ ^ 8re Kcompanied ^ iw 

— Wirhou, b ei ng oenrod by tory , „ is Weved ^ fc ^ 
porhon of pactag<! reJCB £hemical|y wi[h ^ ^ ^ ^ ^ 
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Those of skill ,„ the „ „, recognize ^ ^ ^ ^ 
-non™, md Ac ^ a „ emp%ed ^ Mm ^. te ^ ^ 
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of this invention (with various components of Group A and Group B) as counterion(s) of 
an anion(s) the latter of which might be responsible in some way for the enhanced 
property without being bound by theory. (Such as lubrication). 

This invention also comprises of a method for metal working, wherein said 
method comprises providing as a lubricant to said metal, a lubricating effective amount 
of a fluid lubricant composition comprising one or more water soluble components 
selected from: a first Group (A) comprising: 

amides; polyamides; polyamino acids, salts and esters; monocarboxylic acid 
having one to six carbons functionalized or nonfunctionalized, examples are C, - C 20 
alkoxy, sulfone, alkylene phosphonatcs, sulfide, functionalized amines and the like, salts 
and esters, with the proviso that this does not include the 2-hydroxybutyric acid and 3- 
hydroxybutyric acid with the proviso that these acids cannot be 2-hydroxybutryic or 3- 
hydroxybutryic acid; polycarboxylic acids, salts or their esters; amino acids, salts and 
esters, sulfonic acids and salts; a sulfur compound selected from mercaptan, sulfide, 
disulfide and polysulfide; and mercaptocarboxylic acids, salts and esters; amine 
substituted organic acids, salts and esters; substituted amino acids, salts or esters; 
organosulfonates; sodium or potassium sulfide, sodium or potassium hydrogen sulfide, 
organic acids containing one or more moieties selected from the Group consisting of 
carboxylate, sulfate, sulfonate, phosphate, and phosphonate, present as the free acids, or 
their salts; organic acids containing one or more moieties selected from the group 
consisting of carboxy late, sulfate, sulfonate, phosphate; and phosphonate present as the 
free acids or their salts; and additionally a moiety selected from the Group consisting of 
sulfone, sulfonamide, sulfonic ester, sulfate ester, ketone, carboxylic ester, amide, amine, 
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ether, sulfide, disulfide, or ary.; and optionally one or more components selected from a 
second Group (B) comprising: 

phosphates, borates, phosphonates, phosphites and hypophosphitcs, and which 
composition provides a synergistic lubricating or added functionality effect when used in 
s an admixture with one or more components) of Group (A) and Group (B). 

This invention also comprises of feeding a metal working water-soluble lubricant 
composition to a metat useful to receive the same, comprising optionally diluting said 
metal working water soluble lubricant composition and feeding the optionally diluted or 
non-diluted water soluble composition to a portion of the metal by applying whereby 
> said composition is effectively provided to said metal. 

This invention also comprises of a method of using a metal working water 
soluble lubricant composition which comprises providing as a lubricant to said metal, a 
lubricating effective amount of a fluid lubricant composition comprising one or more 
water soluble components selected from: a first Group (A) comprising: 

amides; polyamides; polyamino acids, salts and esters; monocarboxylic acid 
having one to six carbon atoms nationalized or nonfunctional^, examples are C, - 
C M alkoxy, sulfone, alkylene phosphonates, sulfide, functionalized amines and the like, 
salts and esters, with the proviso that this does not include the 2-hydtoxybutyric acid and 
3-hydroxybutyric acid; po.ycarboxy.ic acids, salts or their esters; amino acids, salts and 
esters; sulfonic acids and salts; a sulfur compound selected from mercaptan, sulfide, 
disulfide and polysulfide and 2 mercaptocarboxylic acid; keto acids, salts and esters; 
amine substituted organic acid(s) or a salt(s) thereof; organosulfonates; sodium or 
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potassium sulfide, sodium or potassium hydrogen sulfide, organic acids containing one 
or more moieties selected from the Group consisting of carboxylate, sulfate, sulfonate, 
phosphate, and phosphonate, present as the free acids, or their salts; organic acids 
containing one or more moieties selected from the Group consisting of carboxylate, 
sulfate, sulfonate, phosphate, and phosphonate present as the free acids or their salts, and 
additionally a moiety selected from the Group consisting of sulfone, sulfonamide, 
sulfonic ester, sulfate ester, ketone, carboxylic ester, amide, amine, ether, sulfide, 
disulfide, or aryl; and optionally one or more components selected from a second Group 
(B) comprising: 

phosphates, borates, phosphonates, phosphites and hypophosphites, and which 
composition provides a synergistic lubricating or added functionality effect when used 
with one or more component(s) of Group (A) and Group (B). 

This invention also comprises of a method for metal working, wherein said 
method comprises providing as a lubricant to said metal, a lubricating effective amount 
of a lubricant composition comprising of one or more water soluble components selected 
from: a first Group (A) comprising: i - 

amides; polyamides; polyarnino acids, salts and esters; monocarboxy lie acid 
having one to six carbons functionalized or nonfunctionalized, examples are C, - C 20 
alkoxy, sulfone, alkylene phosphonates, sulfide, functionalized amines and the like, salts 
and esters, with the proviso that this does not include the 2-hydroxybutyric acid and 3- 
hydroxybutyric acid; polycarboxylic acids, salts or their esters; amino acids, salts and 
esters, sulfonic acids and salts; a sulfur compound selected from mercaptan, sulfide, 
disulfide and polysulfide; and mercaptocarboxylic acids,.keto acids, salts and esters; 
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"*" hydro8CT mi '- «* — *• ■ - « — ^ w 

from me Cropp ^ of ^ oxyIaK ^ ^ ^ ^ 

from *. G»„ P co^g of „„■„„, Mmmi ^ m(mje ^ ^ ^ ^ 

phospha.es. borares, p hosptaes , pho!phiIes ,„„ ^ ^ 

- with one „ r M oon^ooen.W of Coup (A) „„ Oroup (6) 

This invenrionpiso comprises . ,„„ri M ,ed sprite^ sajd surface „ 
*aid mora, W» has beenoomacaed «*, a compos.,™ conning „ ^ 

-o».. f an„ i d I *Hea» t eo m p„s i , i o„ep m p.s 1 neo„e„ r „o reira ,e rsoluW o 
components selected from: a firat Group (A) comprising: 

amides: po,,,™^ ^ ^ ^ ^ ^ 
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organic acids containing one or more moieties selected from the Group consisting of 
carboxylate, sulfate, sulfonate, phosphate, and phosphonate, present as the free acids, or 
their salts; keto acids, salts and esters; amine substituted organic acid(s) or a salt(s) 
thereof; organic acids containing one or more moieties selected from the Group 
consisting of carboxylate, sulfate, sulfonate, phosphate; and phosphonate present as the 
free acids or their salts; and additionally a moiety selected from the Group consisting of ; 
sulfone, sulfonamide, sulfonic ester, sulfate ester, ketone, carboxylic ester, amide, amine, 
ether, sulfide, disulfide, or aryl; and optionally one or more components selected from a 
second Group (B) comprising: . 

phosphates, borates, phosphonates, phosphites and hypophosphites, and which 
composition provides a synergistic lubricating or added functionality effect when used in 
an admixture with one or more component(s) of Group (A) and Group (B) lubrication 
has been provided. 

This invention also comprises a worked piece of metal or a piece of metal being 
worked, said working being or having been accomplished by having contacted or 
provided to said metal with an effective amount of a fliifd lubricant composition 
comprising one or. more water soluble components selected from: a first Group (A) 
comprising: 

amides; polyamides; polyamino acids, salts and esters; monocarboxylic acid having one 
to six carbons functionalized or nonfunctionalized, examples are C, - C 20 alkoxy, sulfone, 
alkylene phosphonates, sulfide, functionalized amines and the like, salts and esters, with 
the proviso that this does not include the 2-hydroxybutyric acid and 3-hydroxybutyric 
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acid; polycarboxylic acids, salts or their ester.- w 

meir esters, am.no adds, salts and esters; sulfonic 
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carooxylate, suiralt, sulfonate, phosohaie . 

pnosphate, „d phosphonate, present as ,he free acids or 

^^^^^^^^^^^ _ 
second Group (B) comprising: 
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The 1,3,6-tricarboxyhexane was prepared by hydro ly zing tricyanohexane with 
potassium hydroxide in water. The tricyanohexane was obtained as a co-product from 
the electrohydrodimerization of acrylonitrile. 

In preparing a composition of this invention one of skill in the art will typically 
add a component from Group A optionally to a component of Group B to form an 
admixture in a selected quantity of water. There is no preferred order with respect to 
mixing or order of addition. The temperature at which a composition may be prepared 
may be ambient and pressure normal atmospheric. Use of a water soluble component (s) 
is required. 

Those of skill in the art will recognize that an effective quantity of a functional 
moiety component (lubricant) from Group A and optionally Group B are present in a 
composition of this invention in order to achieve the objects of this invention. This may 
be provided in acid, salt, ester or a mixture of forms, such as an ionic form (such as a 
salt(s)). The amount provided is such that a functional lubricating effective amount is * 
provided in a composition, a method of use, or an article of manufacture prepared using 
the invention. Illustratively but not limiting, an effective amount of lubricant is that 
amount of lubricant which adequately lubricates the surface of the metal being worked or 
tool working the metal for example and achieves the objectives of a quality lubricant as 
would be recognized by those of skill in the art. When a component from Group A is 
employed without a component from Group B, those of skill in the art will recognize that 
an aqueous solution containing an effective lubricating amount of the component from 
Group A may be applied to the surface of the metal or tool being lubricated. This 
invention also comprises compositions .where a exponent of Group B is used with a 
component from Group A. In those situations an effective lubricating amount of a 
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component from Group B is employed along with an effective amount of a component of 
Group A. Components i„ Med in ^ EXAMPLES .re a ra ,„ bfc „ mmereia „ y ^ 
were noted. 

EXAMPLES 

An Extreme-Pres^ Foilr . Ba „ Tas , ^ ^ ^ 

of ASTM D2 , 8 , ^ MedMd ftif Measurement of Extreme-Pressure Properties 0 f 
Lubricating Fluida (Four . M ^ ^ ^ ^ ^ ^ ^ 

^-^^^^Uve^n^in,^^^^^^ 
— « of condition, h mis ^ „ ^ W| „ ^ ^ ^ ^ 

-I balls held The tes, ,„ bricaM eove „ , ht ^ ^ ^ |s 

*. t- „ foe teu ^ tonda b*,ow',hc wU ^ ^ „ ^ „ 
T.b,e , ^.^^.^^^ 

'ocBest 'O^inuuudi^preo*^^^^ 
Motets am ^ ^ atthesame applicti loads, the inte becomes , ^ 
^«^^-^*«. < ^^ 4l t aiil ^. (iiw , ... 
wear index is used to rank the abilities of a series of lubricants to minimize wear.' 

Tabic 1 is a set of data which has been generated running the previous two tests 
and which reports data tor the four ball extreme pressure lest as Mean Hertz Load 
Welding Led, NWizure Uad and Scar Diamatar fo, the extreme pressure Four-bal, 
«-d.^ fcwWM ^ Ndte,bd,M»x,oad t „d,„, qucval „ cs 
ware generated as , result of running ASTM method D2783. 
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These data indicate that compositions of this invention are highly useful in metal 
forming and metal working operations. 

ASTM test D3233B, "Standard Test Methods for Measurement of Extreme 
Pressure Properties of Fluid Lubricants (Falex Pin and Vee Block Methods)" 
incorporated herein by reference in its entirety, was run at a fluid temperature of 49C at 
290 rpm and a concentration by weight which provides 365 milliequivants PL of the 
component shown below for most examples. 

The test component was generally dissolved in a container to provide 365 
milliequivalents/Liter in water with and without phosphate at a level of about 0.75% or 
about 1.5% as orthophosphate with the balance of the composition being water. These 
test materials were evaluated using the ASTM D2783 Extreme Pressure Four ball test 
and the ASTM D3233B Pin and Vee block test. 

Classes of components useful in practicing this invention for metal working are 
contained in the following Table L (Except wherein indicated otherwise, when a salt 
was employed herein, the potassium salt was used. The pH was typically about 9.5 to 
10). . 

In the interpretation of the results of ASTM D-2783, a weld point of 250 to 400 
kg-f is considered to be high extreme pressure capability with a value of 3 1 5 being 
average for high extreme pressure fluids. Values of 500 kg-f and greater are considered 
higher than normally encountered high extreme pressure behavior. The maximum load 
of the test is 800 kg-f. 
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EXAMPLF 2 

A series of experiments using the procedures of ASTM D2783 and ASTM 
3233B were run to measure the extreme-pressure lubricating properties of compositions 
selected from several classes of compounds. The pH of the solutions were generally 
adjusted to about 10. The results arc depicted in Figures I through 12. Figure 1 shows the 
scar diameter vs applied load for sodium polyglutamate in the presence and the absence of 
potassium orthophosphate. Figure 2 shows the scar diameter vs applied load for 
polyasparagine in the presence and absence of potassium orthophosphate. Figure 3 shows 
the scar diameter vs applied load for L-aspartic acid in the presence and absence of 
potassium orthophosphate. Figure 4 shows the scar diameter vs applied load for L- 
asparagine in the presence and absence of potassium orthophosphate. Figure 5 shows the 
scar diameter vs applied load for L-cystine in the presence and absence of potassium 
orthophosphate. Figure 6 shows the torque vs load for L-cystine and L-cysteine in the 
presence and absence of potassium orthophosphate. Figure 7 shows the scar diameter vs 
applied load for dithiodipropionic acid in the presence and absence of potassium 
orthophosphate. Figure 8 shows the scar diameter vs applied load for urea in the presence 
and absence of potassium orthophosphate. Figure 9 shows the scar diameter vs applied 
load for 1-hydroxyethylidene-l, 1-diphosphonic acid in the presence and absence of 
potassium orthophosphate. Figure 10 shows the scar diameter vs applied load for 2- 
phosphono- 1,2,4- butanetricarboxylic acid in the presence and absence of potassium . 
orthophosphate. Figure 1 1 shows the scar diameter vs applied load for sodium sulfide in 
the presence and absence of potassium orthophosphate. Figure 12 shows the scar diameter 
vs applied load for 2-phosphono- 1 ,2,4-butanetricarboxy lie acid (PBTC) in the presence and 
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absence of potassium orthophosphate. Figure .4 shows the scar diameter vs. app.ied load 
for Bovine serum albumin in the presence and absence of orthophosphate. 
Figure 15 shows the scar diameter vs. applied bad for po^ethyl^-oxazoline) in the 
presence and absence of phosphate. Figure 16 shows the scar diameter vs.appHed load for 
» -He acid in the presence and absence of phosphate. Figure , 7 shows the scar diameter vs. 
applied load for tricarboxyhexane in the presence and absence of phosphate. Figure 18 
shows the scar diameter vs. applied ,oad for succinamic acid in the presence and absence of 
phosphate. 

EXAMPT.F i 

10 The test solutions where prepared by dissolving the 1, 2, 3, 4- 

butanetetraca^^^ The solutions were tested 

using a Four-ball Extreme Pressure machine. The scar diameter and the applied load at 
which welding occurred were measured: Figure .3 below shows the results of the Four- 
ball extreme pressure test. The high pressure shows the independent lubricating properties 
is of this molecule which can be employed with or without a component of Group B. 

EXAMP1.F4 

Bovine somatotropin (bST) is an animal protein which can be employed in 
this invention as a component of Group A, for example. bST solution was tested by the 
AS ™™?2«We^ 

concentrations shown in Table II below. The scar diameter and friction coefficients 
indicate that the fluid has lubricant capability. 
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Table II 





4-ball on 


4-bail on 


Timkcn friction coef. 




Aluminum 


Steel 






Scar 


Scar 


Steel 2lb 




dia.mm 


dia.mm 




bST t.0% 


0.81 


0.56 


0.16 


bST 1.0% 


0.72 


0.55 


Not Measured 


bST2.0% 


0.50 


0.55 


0.17 



Figure 14 below shows using ASTM method D2783 it was shown that a mixture of 
bST with phosphate afforded a synergistic extreme pressure lubricating effect 
l o affording a weldload at of 200 kg as bST alone and a weldload of 620 when bST and 
phosphates were together. 

EXAMPLE 5 

A solution of 7.5% bovine serum albumin (BSA) and 5.0% phosphate 
(P0 4 °) in water at pH 8.60, was diluted 9:1 with water, and run in the Timken tester 
using a steel ring and a carbon steel block, obtaining a friction coefficient of 0.20. 
(conditions: 2 lb normal force applied). The source of the bovine seriurn albumin 
employed was fraction V material, isolated by the heat-shock method (material obtained 
from Sigma Chemical Company). 

Solutions of BSA in water were tested in the 4-Ball tester, using three fixed 
aluminum balls and one rotating steel ball. A 7.5% solution of BSA afforded a 0.7 mm 
scar diameter, making no noise during the test. A 0.75% solution of BSA afforded a 0.6 
mm (rnm=millimeter) scar diameter, also making no noise during the test. Using 
ASTM method D2783 it was shown that a mixture of BSA with phosphate afforded a 
synergistic extreme pressure lubricating effect affording a weld load of 250 kg without 
phosphate and a weld load and 620 kg when phosphate was added. 
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EXAMPr.F f> 

A solution of 1 wt% dodecylamino -N,N- bisme.hylcnephosphonic acid in water, 
adjusted to a P H of about 6 was examined using the test method described in ASTM 
D4I72, "Wear Preventative Characteristic of Lubricating Fluids (Four-Ball test)", 
incorporated herein by reference, with both aluminum and steel balls. The scar 
diameter on steel was 0.45 mm and on aluminum was 0.55 mm to both cases (see Table 
HI below), there was no noise (sound from the test itself) during the test. These resu.ts 
indicate that the fluid has lubricant capability. This is an example of a component of 
Group A being employed exclusively, that is without a component from Group B in 
practicing this invention. 

EXAMPT.F7 

A solution of 1 wt% octylsulfonylbutyric acid in water, adjusted to a P H of about 
9 was examined using the test method described in ASTM D4I72, "Wear Preventative 
Characteristic of Lubricating Fluids (Four-Ball test)", incorporated herein by reference, 
with 6061 aluminum balls. The scar diameter on aluminum was 0.49 mm (see Table III 
below), there was no noise during the test. This solution was further examined using a 
method involving drilling 20 1/4" ho.es into a 356 aluminum block. No noise was 
produced in the drilling process and no oversized hole was found. These results 
indicatethatthefluidhaslubricantcapability. This is an exampleof a component of 
Group A being employed exclusively, that is without a component from Group Bin 
practicing this invention. 
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Without being limited, this invention encompasses a variety of compositions, 
uses and effective use options depending on the composition and use envisioned as is 
apparent from reading this specification and is not limited to any specific operation, 
composition or use but for example includes those operations such as whereby a 
5 composition is applied to, applied by, brought in contact with or effectively provided to 
by any effective application means including illustratively such as those known to those 
of skill in the art including for example deluge, pump, misting, spraying and the like to 
a metal or to a tool depending, of course, on use and composition. All parts and 
percentages employed herein are by weight unless otherwise specifically recited. 

Although the invention has been described above in terms of some specific 
embodiments which are set forth in considerable detail, it should be understood that this 
description is by way of illustration only and that the invention is not necessarily 
limited thereto, since alternative embodiments and operating techniques will become 
apparent to those skilled in the art in view of this disclosure. Accordingly, 
modifications are contemplated which can be made without departing from the spirit of 
the aforedescribed invention. 
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WHAT IS CLAIMED IS: 



components selected from: a firs , ^ (A) 



amides; polyaniides; amino acids. saJ ts arid este^- , • 

and esters; polyammo acids, salts and 

esters; monocarboxylic acids having one to six carbon „ fl 

s nc to six carbon atoms functionalized or 

— ^ ^ su|fo ^ ^ 

sulfates, crtoxylic ke(one , ^ 



5 and 



,amme < e ^er, sulfide, disulfide, 



or 
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aiyl; and optionally one or more components selected from a second Group (B) 
comprising: 

phosphates, borates, phosphonates, phosphites and hypophosphites, and 
which composition provides a synergistic lubricating or added functionality 
effect. 

The composition of Claim 1 wherein said composition comprises a reaction 
product(s) of said composition associated with a component or components 
therein or the application of said composition to a metal being worked or tool 
working the metal or both. 



The composition of Claims 1 or 2 wherein the lubricant has a lubricant property 
selected from the group consisting of extreme pressure, boundary lubricant, 
simple film or anti-wear or a combination thereof. 

The composition of Claim 3 wherein said lubricant is an extreme pressure 
lubricant and said component of Group A is a monocarboxylic acid having one 
to six carbon atoms functionalized or nonfunctionalized, examples are C, - C^ 
alkoxy, sulfone, alkylene phosphonates, sulfide, functionalized amines and the 
like, salts and esters, with the proviso that this does not include the 2- 
hydroxybutyric acid and 3-hydnoxybutyric acid with the proviso Group A does 
not include 2-hydroxybutryic or 3-hydroxybutryic acid. 

The composition of Claim 3 wherein said lubricant is a boundary lubricant and 
said component of Group (A) has a chemical structure symbolically R,COOH 
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c, „ tahcd , kylcnc or R| may te ^ wte ^ . c ^ 

Rd is C u alkylene or hydroxyalkyl 



lene. 



Thecomposi,i„„ofaoims , o^w^^,^.^^ 
more carboxylate moieties. 



The composition of Claim 6 wherein said carboxylic acid is a polymer wilh 
eepeannn nniis which co„,ni„ enrboayhre group,. 



The composi.ron of cinims , o,2 wheaem said enmponnn, of Groop A is an 

o, a po, yamid . in ^ ^ ^ ^ _ ^ 

-oor^renmide^^.^^^^^^^^ 
amide group. 



units which contain amide groups or wherein said ^ „ ..^ . g 
water soluble amide or water soluble polyamide respectively. 



10- ^-^^^9^^^.,^^^ 
where the nitrogen may be substituted or unsubstituted, and which are 
represented by the formula: 
R^CONRjR, 

(V) 

where R, and r, M emp|oyed . ^ ^ ^ ^ 
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alkyl or aryl groups, NH : , NHR I0 , or NR,,R, 2 , where R, 0 , R n and R I2 can be 
the same or different independently and can be hydrogen, alkyl, 
functionalized alkyl, aryl, or functional ized aryl groups with the provision 
that R 8 and R 9 may not be polyethylcneimine, when R 7 is MOOC(CH 2 ) r , R 8 and 
R, may not be C M hydroxyalkyl and when R 7 is C, 2 ., 8 alkyl, R s and R^ may not 
be hydroxyethyk Furthermore, if one of R„ and R 9 is hydrogen, and the other is 
C 3O0 alkyl, then C 7 may not be selected from -CH 2 CH 2 COOH, - 
CH=CHCOOH, or ortho-carboxyphenyl and when one of R 8 or R*> is H, and the 
other is CH 2 CH 2 CH 2 CH(NH 2 )COOH, then R 7 may not be an alkyl group 
containing from 8 to 22 carbon atoms. 



1 1 . The composition of claim 10 where said amide is 

0 R, 2 

1 I 

~C - N -(CH 2 ) n -COOM 
n is an integer varying independently from two to ten 
R 42 =H or alkyl C, to C 20 

1 2. The composition of claim 9 wherein said amide is selected from the group 
consisting of asparagine, maleamic acid, urea, biuret, polyasparagine, 
glutamine, polyiirea, N, N-dimethylacetamide, oleoamide, guanidine, 
pyroglutamic, polyacryiamide, and poly(2-ethyl-2-oxazoline), a salt(s) and 
mixtures thereof. 
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13. 



A co„,p„ si ,, 0 „ of cUm , wheftin s> . d raMs ^ ^ ^ fe ^ 



thereof. 



14 - The composition of claims 1 or2 wherein 

wnerein said component of Group A is a 

carboxylic acid as its acid or salt whir*, u ■ 

salt, wh.ch can be schematically represented by 

the formulas: 

R,CO,H 

(I) 

where in connection with formuia (!), R, is hydrogen . ^ ^ ^ R _ fc 

C,. 6 allcylene or hydroxyaikylene, and 

^KCHJ.CHCO^CH^ (H) 
wherein connection with formula („), Rj ^ Rj are ^ ^ ^ ^ 

•ndependentlyandmay be independently hydrogen or 0Xyg en or an organic 
^^^^ BB ^ BB<ri|ill|i-BBitt(| 
Mroxy, hydroxys alkeny , or ^ ^ ^ ^ 

about 40,ois0to about 18, and„ islto about 5000 or 7000 or more and m 
n, and o are independent integers with the proviso that R„ cznnotbe 3 . 
carboxypropyl or 2-carboxymethy| substituted alkyl. 



15. 
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and esters; lactic acid, formic acid, glycolic acid, glyoxylic acid, glyceric 
acid, octylthiobutyric acid, octylthiopropanoic acid, octyloxypropanoic acid, 
decyloxypropanoic acid, dodecyioxypropanoic acid, 4-methylthio-2-hydroxy- 
butyric acid, and salts and esters thereof and mixtures thereof. 

16. The composition of claim 13 wherein said carboxylic acid is a polycarboxylic 
acid selected from the group consisting of polyacrylic acid, 
butanetetracarboxylic acid, oxalic acid, malonic acid, succinic acid, glutaric 
acid, adipic acid, pimelic acid, suberic acid, azclaic acid, dodecancdioic acid, 
undecanedioic acid, propanetricarboxylic acid, tartaric acid, sebacic acid, 
maleic acid, fumaric acid, citric acid, itacontc acid, citraconic acid, tartaric 
acid, malic acid, aconitic acid, and brassyiic acid and tricarboxyhexane(s) and 
salts and esters thereof. 

17. The composition of claims I or 2 wherein said component is an amino acid or 
a salt(s) thereof. 

1 8. The composition of claim 16 wherein said amino acid is selected from amino 
acids which include both the naturally occurring amino acids and 
manufactured compounds containing at least one each of a carboxylic acid 
group and an amine group and are represented by the formulas: 

R 4 (CHNH 2 C0 2 H) r or (m) 
RsKCHJJCHNH.COjHJJ^CHyJpR^ or (IV) 
R s t(CH l ) m (CHNH 2 (CH 2 ) I C0 2 H)„] 0 (CH y ) p R, (IVA) 
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«b« R*. Rj and in fonnulas (III) and (IV, „ cilher fc same „ ^ 
-+~m, and may be , nJtpsndcn „ y Mrogm aM ^ a ^ carboxyl 
^~^ % ,.„^,», y , an(l2aSCTiployeJinii]ese 
r»nn U ,a Sare ,H e ^ ordifcMindependcntlyjnddiherio[2mM ^ 

»aO, < ,6 m d rismtatcg „ v ^ ngindepEntoiiyfrom _ b iQ ^ ^ 
salts or esters thereof. 



1 7 > The composition of claim 1 7 when. th» ~ 

/> where the component is methionine hydroxy 

analog or a salt(s) thereof. 



' «• The common of ckim „ whmin ^ ^ a ^ ^ 



polyamino acid or a saJt(s) (hereof. 



19. The 



° f c,aim 18 *■* *° «id co mp „„ em „ . 

homopolymer of an amino acid, a random or block copolymer of a single or 
two or more amino Kids or a s>l,< s ) 



20 ' "^^npniyammoacidcomponen,, 
P^ed vina^^^ ^^^^^ ^^^^ 

- ve 8e ,. bI , which are „„„ ^ _ ^ ^ ^ ^ ^ ^ 

and described by the following f omiu |, 

HrNH(CR„R,.,.CO],OH . ^ 
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where m as employed in this formula (VIII) is an integer varying 
independently from 1 to 12, n is an integer independently varying from 2 to 
about 2000 or more and selected such that the amino acid remains water 
soluble, R23 and R 24 as employed in this formula (VIII) can be the same or 
different independently and vary within one polymer chain and consist 
independently of hydrogen or -C0 2 H, 
-CftCOjH, -CH 2 CH 2 -C0 2 H, -CH 3 , -CH 2 CH 3 ,-CH 2 CH 2 CH J> 
-CH 2 CH 2 CH 2 CH 3 ,CH(CH 3 ) 2 , -CH 2 CH(CH 3 ) 2 , -(CH 2 ) 0 X where o = 0 to 20 and 
X can be R 23 , -OH.-SH, -SSCH 2 CH(NH 2 ),-C0 2 H f -SCH 3l phenyl, tolyl, 
hydroxyphenyl, guanidinyl, pyrrolidinyl, NH 2 , imidazoyl, indolyl, acetoamide 
mixtures thereof and the like. 

21 . The composition of claim 20 wherein said polyaminoacid component is 
polyproline or a copolymer of proline with another amino acid or a salt(s) 
thereof. 



22. The composition of claim 16 wherein said amino acid compound is an acidic 
amino acid or a salt(s) or mixture thereof. 

f. 

23. The composition of claim 16 wherein said amino acid compound is a basic 
amino acid or a salt(s) or mixture thereof. 

24. The composition of claim 1 8 wherein said amino acid compound is a neutral 
amino acids or mixture thereof. 
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*■ TV con,p„ sili „ n of claim 22 where ,.„ sa ,. d jc . dK ^ . ^ ^ 

•H^—w^ Mltto8tivcs , and ^ 0 . phosphoMijne ^ 

mixtures thereof. 



«- group e™^ of ^ ^ ^ ^ ^ 
mixtures thereof. 



27. The composition of claim 1 wher^r, e„ ^ 

wherein sa,d component is a suifur containing 



amino acid. 



vitaun-U and a salife) and mianr. 



* * c™. arc* 24 woerein said MmwKiii js ^ ^ ^ 

hyd^yprol™, lwdne , ^ 

thyroxine, norleucine, and norvaline. 



30. The composition of claim I wherein 

wnerem said component of Group A is ; 

sulfonate compound which is an organosuifonate. 
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31. The composition of claim I wherein said component of Group A is an: 



where R>2 in formula (VII) is independently alkyl, alkoxy, hydrogen, aryl, 
aminoalkyl, amine, carboxyl, hydroxyl, or amide and M is independently 
hydrogen, alkali metal, ammonium, or organoammonium or mixtures thereof 
and the like. 

32. The composition of claim 30 wherein said organosulfonatc has an alkyl group 
which is substituted. 

33. The composition of claim 30 where said organosulfonate is selected from the 
group consisting of 4-octylbenzenesulfonic acid, 2-octylbenzenesulfonic 



acid, 3-octylbenzenesulfonic acid, 4-nonylbenzenesulfonic acid, 2- 
nonylbenzenesulfonic acid, 3-nonylbenzenesuIfonic acid, 4- 
decylbenzenesulfonic acid, 2-decylbenzenesulfonic acid, 3- 




(VII) 
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d=cylbc«, W , cid , 4.u„ fcy , bcra e 0Blllfo „ ic ^ 
-AqtaMM, ,.„„ tos , tenesul| . on . c 4 
dodecy,,,^,,.^ acid 2^,^^^ a£jd . 

«lkyl chain le„ glhs . „ sa „ (s) , hcra)f and ^ ^ 

3- The ^position of cla ,,, 3J wtoejn org _ |ta ^ ^ ^ ^ 
— i ™.al, ammonium oro, g .„o a mmo„ium ^ „ , m . mre 



35 - The composition of claim 1 whenrin 

wherem the component of Group B is , 

phosphate. 



36 - The composition of claim 1 wherein ,h,> 

wherein the component of Group B is an 

orthophosphate. 



»■ The „ m ofc ,. im M whmm ^ wtepho ^ K [s ^ ^ 

mixtures thereof having a cation selected from an alkali metal, potassium 
sod,um, or ammonium or alkylammonium. 



or 



38. 



tl ~~.— ■ ' ^"eP^hunatea^seleeteu^mm. 
Sroup consist,^ „ ritas whidl „ o be r ^ ^ ^ 

V:i>0;OR,, u 

(IX) 

where . in tau „ (K) , m ^ ^ ^ f ^ ^ 

5. >nu R„, „ „™, la (,X, enn he inoepenoently organic moiety ^ 
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phosphonoorganic moiety(s), or amine containing organic moiety(s) or 
mixtures thereof and the like and R 26 is independently hydrogen or an organic 
moiety(s) including alkyl, aryl, polyalkylene glycols, polypropylene glycols, 
mixtures thereof and the like. 

39. The composition of claim 38 wherein said phosphates, as their salts, are 
selected from the group consisting of pyrophosphoric acid, rnetaphosphoric 
acid, hypophosphoric acid, phosphorous acid, polyphosphoric acid and 
mixtures thereof. 

40. The composition of claim 1 wherein the component of group B is a 
phosphonic acid or salt thereof. 

4 1 . The composition of claim 1 wherein the component of Group A is selected 
from l-hydroxyethylidene-l,l-diphosphonic acid, 

aminotri(mcthyIenephosphonic acid), dodecylaminc bismcthyicncphosphonic 
acid, which can be made by reacting dodecylamine, formaldehyde, 
phosphorous acid and hydrogen chloride, 
(hexamethylenediaminetetra(methylenephosphonic) acid, 
diethylenetriaminepenta(methylenephosphonic acid). 
N-phosphonomethy [glycine, 2-phosphono- 1 ,2,4-butanetricarboxy lie acid, 
hydroxyphosphonoacetic acid, a sail or mixture thereof and the like. 



42. 



The composition of claim 1 wherein the component of Group A is a sulfone 
acid of the formula: 
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R 2 7SO,R„G 

(X) 

where R J? „ se ,ected from linear or branched. substituted or 

alkyl, alkenyi, alkoxyl, alky , amino groups having 6 to 20 carbon atoms 

linear or bached, unsubsu-tuted or substituted alky.ene or a,keny le „ e , 
alkoxyUlkylamino groups containing , to 6 carbon atoms optionaHy 

SO.OM, OPOCOM,, or PO(OM) 2 .here M „ H , dka|j ^ ^ ^ 
earth metal cation, ammonium and mixtures thereof. 

43. The composition of Claim 42 wherein ti, 

m 42. wherem the component is octylsulfonylbutyric 

acid, octylsulfonyipropanoic acid, dodecylsu.fonyl butyric acjd) 
dodecylsulfonylpropanoic acid, N-octyisulfonyl-beu-alanine, 
nonyiaminosulfony. propanoic acid and a salt(s) or a mixture(s) thereof. 

44- ThecompositionofCaim I , wherein the component of Group A is a keto 
acid of the formula: 

Mc=o, Rjo o m 

alkyl , ^ a|koxy , ^ ^ s k m ^ ^ 
•tayta*, alkoxy, g„„ ps ^ , M , Mrbon Moms 
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SCM3M, OPO(OM) : , or PO(OM) 2 where M is hydrogen, alkali metal cation, 
alkaline earth metal cation, and ammonium and mixtures thereof. 

45. The composition of claim 44, wherein the component of Group A is selected 
from the group consisting of monoocryl succinate, monododecylsuccinate, 5- 
oxo-hexadecanoic acid and a salt(s) or mixture(s) thereof. 

46. The composition of Claim 1 , wherein the component of Group A is a 
mercaptocarboxylic acids illustrated by the following schematic formula: 

O 

I! 

R< 0 CHCOM (XV) 
SH 

wherein includes alkyl C,_ 30 and carboxyalky C 1O0 , x= 0 to 6, M=H, alkali 
metal, ammonium, mixtures thereof and the like. 

47. The composition of Claim 1 , wherein the component of Group A is an amine 
substituted organo acid of the formula: 

R 3l N(R33)R 32 G (XII) 
where R 31 is selected from hydrogen, linear or branched, substituted or 
unsubstituted, alkyl, alkenyl, alkoxyl groups having 6 to 20 carbon atoms 
optionally containing one or more oxygen atoms, and R 32 is absent or selected 
from hydrogen, linear or branched, unsubstituted or substituted alkylene or 



WO 98/08919 



-74- 



PCT/US97/15241 



48. 



alkenylene, alkoxy,, a> k y,ammo groups , ^ fi ^ ^ 

optionally containing one or more oxygen atoms and R M i s hydrogcn or 
selected from linear or branched, substituted or unsubstituted. aikyl or a, k enyi 
groups having 6 to 20 carbon atoms optionally containing one or m ore 
oxygen atoms, and G is se.ected from -C0 2 M,-OS0 3 M, . SOl OM - 
OPO(OM), or -PO(OM) 2 where M is H, a, k ,i meta, cation. a.kaline ear* 
me* eation, ammonium with the proviso that when G in the co mp ound 
represented by the structure shown in formula (XII) is sulfonate, and R 31 and 
R33 arc not hydrogen. 

The composition of Claim I , wherein the consent of Gmup A is a 
substituted amino acid(s) of the formula: 

R35 
I 

I (XIII) 
R36-N-R,, 

The compounds of formu.a (XIII) represent an extension of the amino acids 
wherein R 34 , R M , ^ and Rj , may fce ^ ^ 

alky,, functional^ aryl, a, kano ., polyaIkoxy) alkenyl) ^ 
moieties, and phosphorus containing moieties. AdditionaHy, R w ^ Rj<may 
becovalenHv connected such as in cyclic amino acids l ike pro H„, Mis 
conveniently a symbol for a moiety which is conveniently selected from 
hydrogen, an al kaJi metal. ammonium, or organo.mmonium, mixtures thereof 
and the like. 
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49. The composition of Claim 1, wherein the component of Group A is a 
substituted acid of the formula: 

R )8 XR 39 G (XIV) 
where R 38 is selected from linear or branched, substituted or unsubstituted, 
alkyl or alkenyl groups having 6 to 20 carbon atoms optionally containing 
one or more oxygen atoms, and X is absent or selected from the group 
consisting of -CH 2 - (methylene), oxygen, sulfur, -S-S-, and aryl where aryl is 
unsubstituted or substituted phenyl, and R 3y is absent or selected from linear 
or branched, unsubstituted or substituted alkylene or alkenylene groups 
containing 1 to 6 carbon atoms, optionally one or more oxygen atoms, or 
(CH 2 CH r O) 0 where n can be 1 to 10, and G is selected from -OS0 3 M,- 
S0 2 OM,-OPO(OM) 2 , or -PO(OM) 2 where M is H, alkali metal cation, 
alkaline earth metal cation, on ammonium, with the proviso that: 

1 . when X is aryl and R 35 is absent, G can not be S0 2 OM arid 

2. when X is absent or methylene, G can not be PO(OM) 2 and 

3. when G is a phosphate then R 38 cannot be substituted with phosphate and 

4. when X is absent or methylene or oxygen, G cannot be phosphate arid 

5. when G is phosphate, R 39 mut be present and X cannot be methylene and 

6. when is -S0 2 OMg and X is absent or methylene then R 38 , R 39 cannot be 
alkyl or alkylene. (Mg = magnesium.) 

50. The composition of claim I wherein the component of group A is lactic acid 
or a salt(s) thereof and the component of group B is a phosphate. 
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51. The composition of claim I wherein the component of group A is lactic acid 
orasalt(s) thereof. 

52. The composition of claim 1 wherein the component of group A is polyacrylic 
acid or a sal.(s) thereof and the component of group B is a phosphate. 

53. The composition of claim I wherein the component of group A is aspartic 
acid or a salt(s) thereof and the component of group B is a phosphate. 

54. The composition of claim 1 wherein the component of group A is aspartic 
acid or a salt(s) thereof. 

55. The composition of claim 1 wherein the component of group A is glutamic 
acid or a salt(s) thereof and the component of group B is a phosphate. 

56. The composition of claim 1 wherein the component of group A is glutamic 
acid or a salt(s) thereof. 

57. The composition of claim 1 wherein the component of group A is 
polyglutamic acid or a salt(s) thereof and the component of group B is a 
phosphate. 

58. The composition of claim 1 wherein the component of group A is 
polyglutamic acid or a salt(s) thereof. 



WO 98/08919 



-77- 



PCT/US97/15241 



The composition of claim 1 wherein the component of group A is 
polyasparagine and the component of group B is a phosphate. 

The composition of claim 1 wherein the component of group A is 
polyasparagine. 

The composition of Claim 1, wherein the component of Group A is 
polyaspartic acid or a salt(s) thereof and the component of Group B is 
phosphate. 



The composition of claim 1 wherein the component of group A is 
polyaspartic acid or a salt(s) thereof. 



63. The composition of Claim 1 , wherein the component of Group A is aspartic 
or a salt(s) thereof and the component of Group B is phosphate. 

64. The composition of Claim 1 , wherein the component of Group A is 
polyaspartic or a salt(s) thereof and the component of Group B is borate. 

65. The composition of Claim I , wherein the component of Group A is aspartic 
or a salt(s) thereof and the component of Group B is borate. 

66. The composition of claim 1 wherein the component of group A is urea and 
the component of group B is a phosphate. 
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67. The composition of claim 1 Wherein the component of group A is 

dithiodipropionic acid or a salt(s) thereof and the component of group B is a 



phosphate. 



68. The composition of claim 1 wherein the component of group A is N- 
phosphonorr 
a phosphate. 



phosphonomethylglycine or a salt(s) thereof and the component of group B is 



69. The composition of claim I wherein the component of group A is N- 
phosphonomethylglycine or a salt(s) thereof. 

70. The composition of claim I wherein the component of Group A is of 
glycerol-2-phosphate and the component of Group B is a phosphate. 

71. The composition ofclaim I wherein the component of Group A is 1,3- 
dihydroxyacetone dimer and the component of Group B is a phosphate. 

72. The composition ofclaim 1 wherein the component of Group A is 2,4,6- 
trichlorophenol and the component of Group B is a phosphate. 

73. The composition ofclaim 1 wherein the component of Group A is 
polyaspartate and the component of Group Bis 1-hydroxyethylidene-l, 1- 
diphosphonic acid or a salt(s) thereof. 
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74. The composition of claim 1 wherein the component is polyacrylic acid or a 
salt(s) thereof. 

75. The composition of claim 1 wherein the component of Group A is 
tricarboxyhexane or a salt(s) thereof. 



76. The composition of claim 1 wherein the component of Group A is 1,2,3,4- 
butanetetracarboxylic acid or a salt(s) thereof. 

77. The composition of claim 1 wherein the component of Group A is cystine or 
a sait(s) thereof. 

78. The composition of claim 1 wherein the component of Group A is sodium 
sulfide. 

79. The composition of claim 1 wherein the component of Group A is cysteine or 
asalt(s) thereof. 

SO. The composition of claim 1 wherein the component of Group A is 1 - 
hydroxyethylidene- 1 , 1 -diphosphonic acid or a salt(s) thereof. 

II, The composition of claim 1 wherein the phosphorus moiety from Group B is 
provided by dodecylamino bismcthylene phosphonate or a sait(s) thereof. 
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82. The composition of Cain, i wherein the component of Group A is 
dodecyiaminebisfmethylcncphosphonic acid) or a salt(s) thereof. 



83. ^^«ionofClai mlwh e r e il Hh e co mp o„entofGr 0 u P Aistar,anc 



acid or a salt(s) thereof and the component of Group B is ph 



osphate. 



84. The eo m p. sili „„ of Claim , wherei „ [he comporam ^ a ^ ^ ^ 
or a „„(s) .hereof end , he comp()ne „, of Grmip B |s 



85. The co mpos „ ion of claim , ^ ^ ^ a ^ ^ ^ 

or a salt(s) thereof. 



86- The composition of Cairn « .herein the component of Group A is citnc acid 
or a sal t(s) thereof and the component of Group B is phosphate. 



87. The composition of claim 1 wherein the component of Group A is citric acid 
or a salt(s) thereof. 



88. The composition of Claim , wherein the component of Group A is oxalic 
acid or a salt( 5 ) thereof and the component of Group B is phosphate. 



89. The composition of claim 1 wherein the component of Group A is oxalic acid 
or a salt(s) thereof. 
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90. The composition of Claim 1 wherein the component of Group A is 1,2,3,4- 
butanetetracarboxylic acid or a salt(s) thereof and the component os group B 
is phosphate.- 

91. The composition of Claim 1 wherein the component of Group A is 1,3,6- 
tricarboxyhexane acid or a salt(s) thereof and the component of Group B is 
phosphate. 

92. The composition of claim 1 wherein the component of group A is 1,3,6- 
tricarboxyhexane acid or a salt(s) thereof. 

93. The composition of Claim 3 wherein the component of Group A is 
polyacrylic acid or a salt(s) thereof and the component of Group B is 
phosphate. 

94. The composition of Claim 1 wherein the component of Group A is 2- 
phosphono- 1 ,2,4-butanetricarboxylic acid or a sah(s) thereof. 

95. The composition of Claim 1 wherein the component of Group A is aspartic 
acid or a salt(s) thereof and the component of Group B is phosphate. 

96. The composition of Claim 1 wherein the component of Group A is L- 
glutamic acid or a salt(s) thereof and the component of Group B is phosphate. 
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97. The composition of Claim . wherein the component of Group A is N . 
cocoylglutamate or a sa.t(s> thereof and the component of Group B is 
phosphate. 



* The composition of Cairn 1 wherein the component of Group A is orohhme 
or a salt(s) thereof and the component of Group B is phosphate. 

99. 

or a sal«(s) thereof and the component of Group B is phosphate. 



100. The composition of Claim 1 wherein the component of Group A is L- 

asparagme or a sa,t(s) thereof and the component of Graup B is phosphate. 



101. The composition of Claim 1 wherein the component of Group A is L- 

glutamine or a sa,t(s) thereof and the component of Group B is phosphate. 



102. The composition of claim 1 wherein the component of Group A is 
phenylalanine or a salt(s) thereof. 

103. The composition of claim 1 wherein the component of Group A is glyc 
a salt( S ) thereof and the component of Group B is phosphate. 



104. ^mpositionofclaim 
a saJt(s) thereof. 



me or 
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105. The composition of Claim 1 wherein the component of Group A is the alkali 
or ammonium salt of polyglutamic acid and the component of Group B is 
phosphate. 

1 06. The composition of Claim 1 wherein the component of Group A is 
polyaspartate and the component of Group B is phosphate. 

107. The composition of Claim 1 wherein the component of Group A is 
polyasparaginc and the component of Group B is phosphate. 

108. The composition of Claim 1 wherein the component of Group A is 
polyaspartate and the component of Group B is 1 -hydroxyethylidene-1,1- 
diphosphonic acid or a salt(s) thereof. 

109. The composition of claim 1 wherein the component of Group A is 1- 
hydroxyethylidenc-l, 1-diphosphonic acid or a salt(s) thereof. 

1 10. The composition of Claim 1 wherein the component of Group A is bovine 
somatotropin hormone and the component of Group B is phosphate. 

ILL The composition of Claim 1 wherein the component of Group A is urea and 
the component of Group B is phosphate. 

1 12. The composition of Claim I wherein the component of Group A is 
polyacrylamide and the component of Group B is phosphate. 
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1 13. The composition of C.aim , wherein the exponent of Group A is 
polyacrylamidc. 



1 14. The composition of claim I wherein a. 

wherein the component of Group A is P oIy(2- 

ethyl-2-oxazoIine). 



H5. The composition of Claim 1 wherein #^ 

1 Wherein thc C( >mponent of Group A is po!y(2. 

ethy,-2-oxazoline) and the component of Group B is phosphate. 



1 1 6. The composition of claim 1 wherein 

aim wherein the component of Group A is lysine or a 

**lt(s) thereof and the component of Group B is borate. 
H7. The< 

4 v * ^*«»» i wnerem tne c 

namic acid or a .wh/^ »K«^r __ j .« 

'component of Group B is 



! COmP0SlUOn ° f Claim 1 wh -- «he component of Group A is 
succinamic acid or a salt(s) thereof and the < 
phosphate. 



1 1 8. The composition of Claim 1 whemin tt,- 

aim J wherein the component of Group A is 

succinamic acid or a sah(s) thereof. 



acid or a salt(s) thereof. 
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121. The composition of Claim 1 wherein the component of Group A is 
pyroglutarnic acid or a salt(s) thereof and the component of Group B is 
phosphate. 

122. The composition of Claim 1 wherein the component of Group A is 
pyroglutarnic acid or a salt(s) thereof. 

123. The composition of claim 1 wherein the component of Group A is N- 
phosphonorricthylglycine or a salt(s) thereof. 

124. The composition of Claim 1 wherein the component of Group A is N- 
phosphonomethylglycine or a salt(s) thereof and the component of Group B 
is phosphate. 

125. The composition of Claim I wherein the component of Group A is N, N-di(2- 
carboxymethyl)-N-mcthyIphosphonic acid or a salt(s) thereof. 

126. The composition of Claim I wherein the component of Group A is O- 
phosphbserine or a salt(s) thereof. 

127. The composition of Claim I wherein the components of Group A axe L- 
glutamic or a sa!t(s) thereof and borate. 
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^„ mposi , io „ ofclaim , „, ert , n , htcomponemsof0ronpA 



are 



polyaspanateandpolyacrylate. 

129. The composition of Claim 1 wherein th 

Ere,n C ° mp0nent <* Group A is potassium 

polyacrylate. 



130. The composition of claim I wherein th. 

wherein the components of Group A are 

potassium polyaspartic acid and polyacrylate and ,h 

P lyacrylate and the component of Group B 
is phosphate. ' 



131. The composition of Claim I wherein a. 

wnerem the component of Group A is 



Polyacry.anide and the component of Group Bis 



phosphate. 



1 32. The composition of Claim 1 wherein ,u 

1 "herein the component of Group A is 

polyacrylamide. 



133. The composition of claim 1 wherein ,h 

. m wheretn the component of Group A is a formic 

acid salt. 



,x ^^^^ 

135. The composition of claim I wherein ,h» 

wherein the component of Group a is 4- 

hydroxyburyric acid or a salt(s) thereof. 
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136. The composition of claim 1 wherein the component of Group A is 4- 

hydroxybutyric acid or a salt(s) thereof and the component from Group B is 
phosphate. 



137. The composition of Claim 1 wherein the component of Group A is bovine 
serum albumin and the component of Group B is phosphate. 



138. The composition of Claim 1 wherein the component of Group A is 2- 

mercapto succinic acid or a salt(s) thereof and component of Group B is 
phosphate. 



139. The composition of claim 1 , wherein said component of Group B is K 2 B 
O w . 



140. The composition of claim 1, wherein said component of Group B is K 2 B 10 
O l6 and said component of Group A is polyaspartic acid. 

141. The composition of claim 1, wherein said component of Group A is poly(2- 
ethyl-2-oxazoiine) and said component of Group B is a borate. 



142. The composition of claim 1 , wherein said component of Group A is L- 
glutamic acirJ or a salt(s) thereof and said component of Group B is a borate. 

1 43. The composition of claim 1 , wherein said component of Group A is L- 
aspartic or a salt(s) thereof and said component of Group B is a borate. 



WO 98/08919 



-88- 



PCT/US97/1524I 



144. The 

- r wuiiu 1 9 wi 

Or il cnlffV\ fk ar r_^j • , 

1 com P°ncnt of group B is a borate 

145. The 

' WUUH », WI 

or a call/el rt,«. M „r-„ j . . 

1 component of Group B is a borate 



composition of claim I, wherein said component of Group A is citric 
acid orasalt(s) thereof and said. 



composition of Cairn 1 . wherein sa:d component of Group A is ma.ic 
acid or a salt(s) thereof and said < 



'46. The — of c laim ,. whcrei „ said „ mpone „, A h ^ 

said component of Group B is a borate. 



The co^ta ,, wherei „ ^ comp . nem of ^ b h ^ ^ ^ 

or . sah,,, and saio compos, of Group A is po ly , spartal , 

or a sait(s) thereof. 



«49. The composition of claim 1. wherein said component of Group A is 
dithiodipropionic acid or a salt(s) thereof. 



lubricant to said metal, a .ubricating effective amount of a fluid lubricant 

composition comprising one or more water soluble components selected 
from: a first Group (A) comprising: 
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amides; polyamides; polyamino acids, salts and esters; monocarboxylic acid 
having one to six carbons functionalized or nonfunctionalizcd, examples are 
C, - C 20 alkoxy, sulfone, alkylcne phosphonates, sulfide, functionalized 
amines and the like, salts and esters, with the proviso that this does not 
include the 2-hydroxybutyric acid and 3-hydroxybutyric acid; polycarboxylic 
acids, salts or their esters; amino acids, salts and esters, sulfonic acids and 
salts; a sulfur compound selected from mercaptan," sulfide, disulfide and 
polysulfide; and mercaptocarboxylic acids, salts and esters; amine substituted 
organic acids, salts and esters; substituted amino acids, salts or esters; 
organosulfonates; sodium or potassium sulfide, sodium or potassium 
hydrogen sulfide, organic acids containing one or more moieties selected 
from the Group consisting of carboxylate, sulfate, sulfonate, phosphate, and 
phosphonate, present as the free acids, or their salts; organic acids containing 
one or more moieties selected from the group consisting of carboxylate, 
sulfate, sulfonate, phosphate; and phosphonate present as the free acids or 
their salts; and additionally a moiety selected from the Group consisting of 
sulfone, sulfonamide, sulfonic ester, sulfate ester, ketone, carboxylic ester, 
amide, amine, ether, sulfide, disulfide, or aryl; and optionally one or more 
components selected from a second Group (B) comprising: 
phosphates, borates, phosphonates, phosphites and hypophosphites, and 

which composition provides a synergistic lubricating or added functionality 
effect when used with one or more components) of Group 
(A) and Group (B). 



WO 98/08919 



-90- 



PCT/US97/15241 



151. The composition of claim 1 herein the component of Group A is N- 

phosphonomethylglycine and its water solub!e salts, esters and mixtures 
thereof. 



152. The 



composition of claim 108 wherein the component 



IS 



phosphonobutanctricarboxylic acid or a salt(s) thereof. 

153. A composition of c.aim , wherein the component of Group A is a protein. 

154. A composition of claim .54, wherein said protein is a naturally occurring 
protein. 

155. A composition of claim 155, wherein said naturally occurring protein is 
selected from the Group consisting of bovine semm albumin, bovine 
somatotropin, gelatin, or casein. 

156. The composition of claim 1 wherein the amount of a component selected 
from Group A is in the range from about 0.1% to about 75% by weight of the 
total composition. 

157. The composition of claim 1 wherein the concentration of the component of 
Group A is in the range from about 0.25% to about 25% by weight for the 
total composition. 
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158. The composition of claim 1 wherein when a component is utilized from 
Group A and a component from Group B, the amount of a component 
selected from Group B is in the range from about 0. 1 to about 60% by weight. 



159. The preferred composition of claim 1 wherein the concentration of the 

component of Group B is preferably in the range from about 0.25 to about 
1 5% by weight for the total composition. 



160. The fluid composition of claim 1 wherein more than one component is 
utilized from Group A and/or from Group B. 



161. The fluid composition of claim 1 wherein a phosphonate is selected as the 
component from Group B and the concentration of the phosphonate is in the 
range from about 0.075% to about 50%. 



162. The composition of claim 1 wherein the preferred concentration of the 
phosphonate is in the range from about 0.10% to about 15% by weight 
composition. 



163. The composition of claim I wherein the concentration of the phosphonate is 
in the range from about 0.1 0% to about 1 0% by weight. 



163. A method of metal working of claim 1 wherein said metal working includes 
grinding and forming. 
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>«• A mclhod of meol working of claim , 63 „„er=™ said mctl , „ orting js 
forming. 



■65. Am-hodof^,^^ Iffl whm . n MmMl ^ sk 
grinding. 

■66. A maltod of fctding . maj , worting soiubfe inbncM ^ 

.™ 1 . l ^, l o r e c5i vc, tesM , compn , i „ sop , |oM|lydiiutmgsaidmeiai 
working water soluble lubricant < 



1 com P°sition and feeding the optionally 

diIuted 0 rnon-di, u(e dw a , CT so,ub, e c 0m posi t iontoapo rt i on of, h e m eta,b y 
applying (spraying or dripping) where by said composition is effective* 
provided to said metal. 



.67. ^odo.cUin, ™««*^ ma ,^ WMrsMbltlMcm 

or -» wafer aorrdde eomp „ S5fcled fom: , ^ ^ (A) 
comprising: T - 



"** P< " yamidCS; ■* - ~-c*«*k acid 

' C " *° XV - M:f<,:K ' ".^.tepWs. sulfide, fuhctionalized 
«*» »d ft. , ik e. ^ „,„ ^ w ,, h ^ ^ ita( ^ ^ ^ 

ac* «h o, fcir _ 3„, ino acids , s , lb md ^ ^ ^ ^ 
salts; a sulfur compound selected from 



es 



mercaptan, sulfide, disulfide and 
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polysulfide and 2 mercaptocarboxylic acid; keto acids, salts and esters; amine 
substituted organic acid(s) or a salt(s) thereof; organosulfonates; sodium or 
potassium sulfide, sodium or potassium hydrogen sulfide, organic acids 
containing one or more moieties selected from the Group consisting of 
carboxylate, sulfate, sulfonate, phosphate, and phosphonate, present as the 
free acids, or their salts; organic acids containing one or more moieties 
selected from the Group consisting of carboxylate, sulfate, sulfonate, 
phosphate, and phosphonate present as the free acids or their salts, and 
additionally a moiety selected from the Group consisting of sulfone, 
sulfonamide, sulfonic ester, sulfate ester, ketone, carboxylic ester, amide, 
amine, ether, sulfide, disulfide, or aryl; and optionally one or more 
components selected from a second Group (B) comprising: 
phosphates, borates, phosphonates, phosphites and hypophosphites, and 

which composition provides a synergistic lubricating or added functionality 
effect when used with one or more component(s) of Group (A) and Group 
(B). 

168. A method for metal working, wherein said method comprises providing as a 
lubricant to said metal, a lubricating effective amount of a lubricant 
composition comprising of one or more water soluble components selected 
from: a first Group (A) comprising: 

amides; polyamides; polyamino acids, salts and esters; monocarboxylic acid 
having one to six carbons functionalized or nonfunctionalized, examples are 



41* 
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— am,», oic , s , Ilsand _ . su , fonicacldsMd 

« a„d mem„ ylic jdds ^ ^ ^ ^ ^ 

substituted organic acid(s) or a saltiO rh.^ r 

salt(s) thereof; organosulfonates; sodium 

sulfide, sodium hydroeen ™m<i~ 

y -ogen su,fide. organic acids coneaming „« or mo „ 

— - --a fc G „„ p ^ of ^ sui6M ^ 

^"'^».^, S ^ cs ,„,^ eestoJieioiie 
carboxylic cslcr, amide, amine, elher, sulfide, disulfide, orajyl; and 

optionally one or more components selected 

s seJecte a from a second Group (B) 

comprising: 

PWKe.es, W«e, ptephoaaK , ph0ipWKs ^ ^ 
(B). , 



169 - method of claim 166 wherpjn > -j 

wherem sa,d metal working water soluble lubricant 
composition is that of claim 3. 
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170. The method of claim 1 67 wherein said metal working water soluble lubricant 
composition is that of claim 4. 

171 . The method of claim 167 wherein said metal working water soluble lubricant 
composition is that of claim 5. 

172. The method of claim 168 wherein said metal working water soluble lubricant 
composition is that of claim 6. 

173. The method of claim 167 wherein said metal working water soluble lubricant 
composition is that of claim 7. 

174. The method of claim 167 wherein said metal working water soluble lubricant 
composition is that of claim 8. 

175. The method of claim 167 wherein said metal working water soluble lubricant 
composition is that of claim 9. 

1 76. The method of claim 1 67 wherein said metal working water soluble lubricant 
composition is that of claim 11. 

i 77. The method of claim 167 wherein said metal working water soluble lubricant 
composition is that of claim 12. ; . 
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n™*^ .«w herei „ slidmc , a , woAingwatttso|ub|e| ^ ricant 

composition is that of claim 13. 

1 79. The method of claim 1 67 wher^m e,;^ 

whercn said metal working water soluble lubricant 

composition is that of claim 14. 



composition is that of claims 14-149. 



has te „ « ^ , „ mpos „ ion m ^ ^ ^ 

<l«.d tobric co.posi.ion comprising one or mom ware, S o,„ b ,o 
componcms sdecred from: , firs, GtI>op (A) 

amides; po, >an , idc!; ^ ^ ^ ^ ^ 

^-"^^^teri^^^^^^ 

- c, - c» « kmy , sulfo „, 1IkyIene phosphonai[s ^ tontoMi ^ 

amine, and fho like, sa,,, „„ wift „, ^ ^ ^ ^ ^ 

-to; asmforeompound iitew ftom morapBn , sulSde , ^ ^ 
***** "'*-"*—' **» *«* •*» *«. 

«.n sisti „g of c„W ylilK , MI6k , sulfomtt , pteptoe ^ 

" *" Sdd! ' k «» -d, ^ „ d mine 
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substituted organic acid(s) or a sait(s) thereof; organic acids containing one or 
more moieties selected from the Group consisting of carboxylate, sulfate, 
sulfonate, phosphate; and phosphonate present as the free acids or their salts; 
and additionally a moiety selected from the Group consisting of sulfone, 
sulfonamide, sulfonic ester, sulfate ester, ketone, carboxylic ester, amide, 
amine, ether, sulfide, disulfide, or aryl; and optionally one or more 
components selected from a second Group (B) comprising: 
phosphates, borates, phosphonates, phosphites and hypophosphites, and 
which composition provides a synergistic lubricating or added functionality 
effect when used with one or more component(s) of Group (A) and Group (B) 
lubrication has been provided. 

1 82. The lubricated metal surface of claim 179 wherein said surface of said metal 
being worked has been lubricated with a composition of claim 2. 

1 83. The lubricated metal surface of claim 1 79 wherein said surface of said metal 
being worked has been lubricated with a composition of claim 1. 

1 84. The lubricated metal surface of claim 1 79 wherein said surface of said metal 
being worked has been cleaned first and subsequently lubricated with a 
composition of claim i. 

185. A method of claim 1 in which additional components are added to provide or 
enhance corrosion protection to the workpiece or equipment. 
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>**•< n„„o- * md in -ami ncs such „ M • <UlyIemdioxy . 

adds such as lysine or ornithine. 



188. 



pr»P» nCSulf „ mc rtd whWl a „ „ on . loxic ^ 



and the like. 



^^^^^^^^^^^^ 

lubricant composition comprising One or 

P mg one or more w ater soluble components 

selected from: a first Group (A) comprising: 
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amides; polyamides; polyamino acids, salts and esters; monocarboxylic acid having 
one to six carbons functionalized or nonfunctionalized, examples are Cj - C 20 alkoxy, 
sulfone, alkylene phosphonates, sulfide, functionalized amines and the like, salts and 
esters, with the proviso that this does not include the 2-hydroxybutyric acid and 3- 
hydroxybutyric acid; polycarboxylic acids, salts or their esters; amino acids, salts 
and esters; sulfonic acids and salts; a sulfur compound selected from mercaptan, 
sulfide, disulfide and polysulfide and mercaptocarboxylic acids, salts and esters; 
substituted amino acids, salts or esters; organosulfonatcs; sodium or potassium 
sulfide, sodium or potassium hydrogen sulfide, keto acids, salts and esters; amine 
substituted organic acid(s) or a salt(s) thereof, organic acid(s) containing one or more 
moieties selected from the group consisting of carboxylate, sulfate, sulfonate, 
phosphate, and phosphonate, present as the free acids, or their salts; organic acids 
containing one or more moieties selected from the Group consisting of carboxylate, 
sulfate, sulfonate, phosphate, and phosphonate present as the free acids or their salt, 
and additionally a moiety selected from the Group consisting of sulfone, 
sulfonamide, sulfonic ester, sulfate ester, carboxy lie ester, ketone, amide, amine, 
ether, sulfide, disulfide, or aryl; and optionally one or more components selected 
from a second Group (B) comprising: 

phosphates, borates, phosphonates, phosphites and hypophbsphites, and 

which composition provides a synergistic lubricating or added functionality 
effect when used in an admixture with one or more component(s) of Group 
(A) and Group (B) to produce said article of manufacture. 
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191. An article of manufacture of claim 1 wherein , 



i said composition is the 
composition of claim 2. 



« ™« of cUta , 88 where|n ^ ^ , s fc 

composition of claim 3. 

193. The article of manufacture of claim 188 «/K - 

claim 188 wherein said composition is the 

composition of claim 4. 

194. The article of manufacture of claim l«R w h« ■ •_. 

or claim 1 88 wherein said composition is the 

composition of claim 5. 

J 95. The article of manufacture of claim 1 8* • ^ 

□r ciaim 188 wherein said composition is the 

composition of claim 6. 

196. The article of manufacture of claim i *i n,u 

wre or claim 153 wherein said composition is the 

composition of claim 7. 

197. The article of manufacture of claim 154 wherein 

i^wnerem said composition is the 

composition of ciaim 8. 

198. The article of manufacture of claim 155 wherein «;h • • 

wnerein said composition is the 

composition of claim 9. 
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207. The article of manufacture of claim 4 wherein f ^ 

,n * wne rein said composition is the 

composition of claims 4-149. 



208. A method of metal working wherein said metal working comprises a.l meta. 
working operations including metal forming and/or grinding and/or metal 
removal using a composition of claim 1 . 

209. ^co^ionorc^,, wha.hfteeo.pon^dof^Ai,^ 

acid or a salt(s) thereof. 



210. The composition of Claim,, wherein the component of Group A is 



acid or a salt(s) thereof and the component of Group B is a phosph 



succinic 
ate. 



21 1- The composition of claim 1, wherein the component of Group A is L- 
aspartyl-L-phenylalanine or a salt(s) thereof. 

212. The composition of claim 1, wherein the component of Group A is L- 
aspartyl-L-phenylalanine, methyl ester or a salt(s) thereof. 



213. The composition of claim., wherein the component of Group B is phosphate. 



214. The composition of claim 1, wherein the component of Group B is 
phosphate. 



